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PREFAC E. 



Uf all the ftudies, in which the 
mindi of youth may be employed, 
none, perhaps, deferve more ftrongly to 
l>e recommended, than thofe of natural 
hiftory and phyfics. The obje6U on 
which they are occupied being fuqh 
qs "come under the poguizance of puy 
(enfes, thpy are more eafily .compre^ 
hended by the juvenile underftanding, 
than the refinements of grammar, or 
the at>ftra#: ideas of moral philpfophy : 
at the &i»s Ume they afford an inex- 
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IV . PREFACE. 

hauftible fund of entertainment ; and 
their great utility to all, whatever may 
be their future deftination in life, no 
one will difpute. 

Still this is not the whole of their 
recommendation. They tend in a fuper- 
eminent degree, to expand and enlarge 
the mind, and infpire it with the jnoft 
exalted notions of that ineffable Firft 
Caufe, from whom all things in nature . 
received their being, and by whom the 
laws, that regulate and uphold them, 
were ordained. Neither are they by 
any means unconnected with moral 
philofophy; for, to the moft valuable 
part of morality, practical morals, they 
frequently lead. 

Every attempt, therefore, to dinufe a . 
knowledge of thefe kindred feiences, 
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ancj facilitate their acquisition, may 
reafonably hope to be received with 
candour ; and, if tolerably executed, 
may be prefumed not to have been of* 
fered to the public in vain. That thefe 
fciences njay be jftudied fyftematically 
with advantage, is not difputed : but, 
this is ijn the power of few ; and many 
a youth, whofe tiiae and /opportunities 
are unequal to fuch aij undertaking,. 



may acquire a con/iderable portion of 
pinch ufcful knowledge, in a lefs la^ 
borious and njore agreeable manner, by 
Jiayijig his attention turned to objedb 
about him* and bein£ made acquainted; 
-with the nature and physical principles 
of fuch, as may reasonably he fuppofed 
to cprae in his way. 

S^ich has been the opinion of many 
judicious men ; and Mr. Vieth has at- 
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tempted to carry it into execution, as 
it appears tome, with configurable fkill. 
Much of the inftru&ion he gives, much 
of the knowledge he conveys, will be 
found extremely entertaining ; and the 
whole is diverted as far as pofsible of 
that dry form, from which the teaching 
of a fcience fyftematically is insepa- 
rable. " To explain obje&s," I ufe 
his own words, " that occur in nature 
and in common life, which are adapted 
to the comprehenfion of young perfons, 
in a perfpicuous manner, and fa as to 
render them palpable to the fehfes, was 
the bafis of my defign. This I have 
endeavoured to accomplish in fhort de- 
tached pieces, under the form of dia- 
logues, narrative, or letters ; and, for 
the fake of giving variety to the enter- 
tainment, I have not confined myfelf 

to any fyftematic order. Hence I fhall 
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appear occafionally to nave touched 
upon fubjefts before their natural courfe; 
yet the intelligent reader will eafily per- 
ceive, that this has not been done at ad- 
venture." 

To this I muft add, however, that it 
is the plan of Mr. Vieth, to publifh a 
fimilar volume every half year, till fojne- 
thing very like a complete fyftem of 
phyfical fcience is produced; fo that a 
general knowledge of nature may be 
acquired from the work by almoft im- 
perceptible degrees, in a pleating man- 
ner, and without any arduous toil. In 
• giving his work an englifh drefs, I have 
dripped it as much as pofsible of it's fo- 
reign garb ; and, inftead of a ilavifh ad- 
herence to the original, I have added, 
retrenched, or altered, as appeared to 
me neceflary, to render it more com- 
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pletely Suitable to the ufc of englifh 
fchools, and the inftrudtion of englifh 
youth. Manners and cuftoms vary; 
though' nature and nature's Jaws are 
every where the fame. 
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PLEASING PRECETTOR; 



OR, 



FAMILIAR INSTRUCTIONS, &'c. 



CHAP. I. . 



SWIMMING IRON. 

V Do you think I can make iron fwim ?" 
faid William to his filler Caroline. 

Carolbie. ":No. M 

William. " Indeed I can." 

C. " I dare not fuppofe you capable ©f 
aflerting an untruth ; yet I muft doubt the 
fk&, till Ifee it with my own eyes." 

W* " Lend me a needle.' ' 

C. " What, you mean to flick it into a 
cork, and call that making iron fwim ? 

W. " No, indeed : T will lay it fairly and 
by itfeif on the water. " 

Caroline took a needle, and put it into a 
glafs of water. It immediately {\*i\Y> Vo X^ 

vol. i. b 



* THE PtEASING PRECEPTOR. 

bottom. " Pray now* Tet me fee you < 
u »• 

William filled thc-gbfs biimfuF of wa,tfc 
took a fine needle, which he held careful 
ehdwife between the points of his forefing 
and thumb, and laid' it very gently on t! 
water* fi> that it!s whole length touched t 
furface at once. 

W. " See there, Caroline : I told you 
could make iron fwim: I can make fih 
fwimtoo?" 

■ 

William took a very thin fiiver coin, k 
ijt flat on the furface of the water, in t 
fetfie captious manner as he had done I 
needle, and it fwani likewife. 

C. " How i& it this happens ^ Iron a 
fiiver are both heaarier than water, anc 
tfeought nothing would fwim, unlefe it a 

l|gjlt<*," 

W* " I . dor nt&hncm the* reafon of it. 
only learned the trick from one of my fchc 
fellow*/' 

C " We will aft our father : I dare 
hecao.tell us." 

William and Caroline went: to their 

tiw. 

C. " JKaiher, William has juft beei* m 
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ing a- rieedlc arid a pifcce df mctfhey fwirti tipd'h' 
Witter: why was it they did riot fink?" 

Father. " You arc right, Cartlirie; not to' 
fetisfy ybuVTetf witti the performance of the 
tricfe,- withbut ittijffiirng into the principles 
of it. You fhould always 1 do' this, my drfar 
cMfcitieni On tf^eiy 6ccafion eAniine into 
the grounds df tffifigs 1 : <!very efieft mutt have 
a caiife ; and thoiigh (ohietimeV We riiay riot* 
be able to difcover the caufe, we (hall bene- 
fit fomethihg by the vfery habit of refle&ibn 
itfelf. To him, who dries not reded oh What 
hfcfees, a thoufand natural occurrences ap-' 
pear miraculous. Many feel ho inclination 
to refleft on phenomena fuch as this and 
federal- others, and hence arifes baneful fu- 
perftition.—But to William's tricks.— The 
needle and the coin do not properly fwim j 
they are rather fuftairied on the water." 
C. " What am I to untierftarid by that ?" 
- F. " The particles of water have an evi- 
? dent dbhefion together, though but a flight 
one. Now if any body, though heavier than 
an equal bulk of water, be not heavy etfdugh to ' l 
overcome the cohefion of all the particles' that 
fuppiortit, it will fwim; though, if'th'isco 1 ' 
• heiion be once broken, it wd\ Gj&l to' >2w& 

B Z 



4. THE PLEASING PRECEPTOR. 

bottom.- JLook attentively at the water, 
where thdneedje lies upon it, an^ tell me 
what, you obferve." 

W. ".The furfacc of the water is regu- 
larly deprefied by the aeedle; and forms a 
fort of rim round -it." . * v ■ 

t 0. " I underftand now why my attempt 
did not fucceed. I did not lay. the needle 
lightly upon the water, and all it's parts at 



once." 



. F. " You are riglrt.: the cohefion of the 

* ■ - 

water in the point where the needle fjrft 
touched it was inftantly ;overcome by .the 
weight of the needle, and fo it was in all the 
-other points in fucceffion \ but if the *co- 
hefion of it in all thefe points had been to 
be overcome at once, the refcftance would 
have been greater lhan the preffure of the 
weight -of .the needle, fo that it would have 
been fuftained on the furface. You may, 
obferve the cohefion of water in every drop 
that hangs on the eaves of the houfe : it 
re/nains fufpended, till, by the addition of 
frefli particles of water it acquires fufficient 
weight, to .overcome the cohefion where it is 
drawn out into, a neck* when it falls to the 
jground." ., ■ 
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" CHAP. IT. 

WATER THAT DOES NOT WET.. - 

€C I will now (how you< another experi- 
ment," faid;Mr. Goodwyn, dropping a halfl- 
penny into a glafs of water., u 'Gan either df 
you take this haifpenay- otfc with y6ur bare 
fingers, without wetting theni'?**' 
, Neither WUltanv nor G#r6iftie knew ho* 
it was to be accomplished* 

F. u See; t will throw a iiitte of this yeK- 
low powder * on the water, and when the fufr- 
face is covered with. \t^ yeu^may dip your 
fiaget* fntcr thewater. without wetting them.^ 
v Caroline put her fingers flowly into the 
glafi, felt the cold waiter round them, and 
-was not a little furpriied, when (he took them 
out with the halfpenny, to find them dry. 
■ F. " You want to know the reafon of 
this, do you not?" '■; 

C. u I own, I do not underftand it." 

W. " I, too, fhrould like to know why it 
is fo." 

F. " I will tell you. ■ When we fay a 
thing dipped into water is wetted, it im« 

• The feed of the common clubmoft, Ijcopodium, 
*cta<vatum $ Lin. 

» 3 



* T#? ^EASING PRECEPTOR. 

plies, that the particles of water adhere I 
it. Now there are many bodies, to whic 
water readily adheres, and this with mo 
fprc.e th$a the particles of the .water cohe: 
together. Such a body, when it is take 
: p.ujt of thtt water, brings out particles of tl 
Water adhering t» itj as ? piece of pap 
does, or the fingers, for exampfe. On ti 
/contrary, there are other bodies, to whi< 
the particles of water adhere left fbrcibl 
than they cohere together ; znd as . fu< 
bodies, when taken out of the water, ca 
not bring out any particles of water wi 
tfcm, they remain dry. Such, for inftaiy 
|9 a taUow-candlet or any thing of a gt*a 
nature in general, 33 well as this popti 
with which I have juft made the expe 
mepf, This ppw4ef font}* i kind of ft 
over tjifi vy^tcc, *fld »dhere* to the , fiuj 
like a glove ; confequently, as the par(ic 
of water cohere together mow flxongly th 
they adhere to this pawder, they are p 

vented from coming into contadt with I 
finger and wetting it." 

W. " I obferyed Caroline's fingers look 
as if they had a yellow glove on, when tl: 
were in the water." 

F. " Now Jet me afc you, \\o\n cax\ a ^ 
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water in a handkerchief, without it's 
ing through ?" 

" Perhaps by means of. this powder, 
me try !" 

troline ftrewed feme of the feed over he* 
kerchief, gathered it up by the edges in 
land, fo as to form a bag, and poared 
water into it, which did not run 
igfe. " This is very curious," exclaim- 
be : " I could not have thought it 
Me." 
" Hence, my children, you may learn, 
we Should not be too- hafty in pro- 
cing a thing impoffible, becaufe we have 
r feen it performed. There are jnany 
pj of which you would fay it is impo£- 
though they are perfectly natural. In 
rery feme manner, in which you carry 
r in this bepowdered handkerchief, quick- 
may be carried in a bag of linen, or 
of tiffany : and if you dip your fingers 
a veffel full of quickfilver, they will not 
etted, or have any of the quickfUv^f 
e to them ; becaufe the coheiion of 
articles of quickfilver to each othtf is 
ger than their adhefion to your ftngtora* 
the tiffany." 

* 4 
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CHAP. III. , 
THE PASSAGE OVER THE RIVER. 

On a little excurfion on foot, that William' 
once made with his father, they came f.o a 
river, over which there was a ferry. William 
and his father, however, were rowed over in 
a boat. Flaying with a ball was a favourite 
amufement of William's, and as they were 
pafling over the river, he took his ball out 
of his pocket, and threw it up a little way, 
to catch it. Confidering with hitnfelf, that 
the boat would be moving forward while the 
ball was afccnding and falling, he fuppofed 
it muft be neceffary for him, to throw it a 
little forwards, inftead of toiling it up in a 
perpendicular direction. It fell before him, 
however ; and on his trying again, it did the | 
fame. A third time he threw it up, but 
perpendicularly, and caught it. " How is 
this ?" faid he to his father. " I thought, 
if I threw it up ftraight, as I do on fhore, 
the boat would row away from under it, 

and it would fall into the water behind 

****** »* 
me. 

" I wiil explain it to you by and by," 

arfvvered his father. " At prefcnt look at 
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the ferry-boat; fee there it goes, . with a 
coach, and horfes, and paflengers, fwimming t 
along by the rope, as if of itfelf,' without the 
ferry man's taking aay trouble, with it/* 

William obferved ! i t with .wonder.* Cafting . 
Ms eye in- the* mean time on the blank' of the 
river,-, he faid haftily to* his father ; ; €< but. 
whither is our boat going ?• See, fathfer, that; 
19 the place where we fhoiild land, .and the..- 
boatman is rowing up yonder; a great way 
higher nip the ftream, and on this fide of the. 
river.- Boatman/ you are going wrong." ' 

Boattoian.* " No, no, , matter* the boat ia> 
going very right." '. 

Father,- "-Let- the boatman take his own 1 
couto, We Khows what he. is aboiit better 
thaw-you.-i-See, he is now- rowing ftraight 
acrofs the river, but the boat • defcends ob- 
ftquely- toward the place, .where we are to ■■ 
land. . If the boatman had begun to row 
ftraight acrofs, when we fet oat, we fhould 
h&ve beendrtfted^lown cnuch below \t> fhould . 

• W: «• Yis-, I fee we fhould how." " 
They landed, and purfued their way. WI1- 

« m 

l&m expe&ed an explanation of the paflage, 
oircr .the rivet ; Sot he well k.taw v XtaxMoak- 

» 5. " 
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father eagerly, feized eivery opportunity o£ 
impacting to hi in information rcfpcding the 
things that occurred ^ound him, i£ it were in 
his powq;, to give birp juft ideas of them ; and 
on thi^ occadoo hq was aot difappointed. 

M Jp ■ the few minute^ that we fp$nt in 
J^ffiog over. the. river," b?gap ; his father 
**. y<?u obfcryed. fcyeral things, which you 
fleyei.bad an opportunity of feeing before. 
Tell me what they were./' 

Wk " I do not underffend^wfty the ball, 
when I threw Jt ftraight up, did not fall be- 
hind me; or. how the ferry-boat pafied acrofs 
the river of itfelf ; or why the boatman firft 
rpwed us fonjie \?ay up the river." 

E. " Yery well. . Attention to the object 
ljielf \% the firft ftep to^ardattaining a know,, 
ledge of it All three of the. phenomena ypu, 
have, mentioned proceed from one and the 
fame C^ufe, which I will tafce this apportu- 
pity, to explain to-.ypu/' 

" I- need npt tell you, in the firft place, 
that every motion requires a moving, po^yex. 
You already .^now, Kkewife, from e3fperien?e, 
thiat -a ball, ox any, other, body, moves in a 
llraight lint ia that direftion, in which the 
power impels it. Thus, in playing at, fives, 
when you move your hand m a toot^x. \\ra 
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toward the ball, and fo ftrike it, it is im- 
peljed in that direction againft th* wall, jf 
there be no bbftacle in the way. 1 * 

W. " But, father, if I throw a baB ovef 
the wall, it does not go in a ftraight tins, 
but in a curve." 

F. " That is very true ; and the reafon is, 
that the bail is not aded uporf by the mov- 
ing power of your hand alone, but by it's 
own gravity likewife ; for gravity is nothing 
elfe but a power, which impels a body per- 
pendicularly to the earth. Accordingly, we 
have not one power acting here, but two; 
and this is juft the cafe in the three pheno- 
mena- you noticed during bur paffage over 
the river. ' v 

tt Now when a body is impelled by two 
powers at the fame time, which powers have 
different directions, it cannot follow either 
of thefe directions limply, but mud take a 
middle courfe> in which it obeys the im- 
pulfe of both powers at the fame time. This 
you will comprehend with much more clear- 
nefs and facility, if I explain it to you by a 
figure; and, as we have time enough to 
{pare, we will fit down on this rifing ground, 
and proceed to the inveftigation^ 

B6 
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William pulled out his pocket -book, 
which by his father's advice he always car- 
ried with him, in order to make a memo- 
randum, or take a fketch of any thing re- 
markable that occurred, and gave it to his 
father, who drew on one of the leaves the 
figure that follows : 
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F. " Suppofe A to be our boat,, and E, 
the place at which we would land. We firft 
rowed along the bank from A to B, our boat 
then came to C, to D, and fo on, till at. 
length it reached E- 

" To underftartd why this roundabout 
courfe was neceffary, we will confider the boat 
as at C. Here it is impelled by two powers ; . 
the ftream urges it in the direction C G, the 
oars in-the ilire&ion C F. if. it were im- 
peJled by the '.ftream alone,, in one fewrA \*. 
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would pafe from C to G ; i£ the water were 
ftill, fo that it was impelled by the oars r 
only, it would pafs in one iecond from C to 
F; but being impelled- by both powers, it 
paffes in one fecond from C to D, a middle 
direftion between the two. The figure will 
fliow you how this direction is found." 

W. " I perceive by .the figure, that the line 
CD is the diagonal of a parallelogram,, of 
*hich C G and C F are the fides." 

F. " Thus to find the middle direction* 
which; a body impelled by two powers will, 
take* we mark the directions of the moving, 
powers by lines, make the length of thefe. 
lines proportional to the forces of the powers, 
complete the parallelogram, and the diagonal 
is the dire&ion fought. Is it not true, that 
the boat,, when it has reached D v has e;o 
pended the impulfe given it by hoth the- 
moving powers ?" 

W. " Certainly;, for it has pafied down 
the ftream as far as D, and the fpace F D is- 
exa&ly equal to C G,, through which the 
ftpeam alone would, have driven it; while 
the fpace G D is equal to C F, fo that it has 
reached exadly the. fame di ft a nee from the 
bank, as it would have dons if it had been 
impelled by the oars only," 
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when explaining the oblique courfe of our boat 
acrofs the river,. I perceive they would."* 
. F. " Then we may refolve- the impulfe 
of the water, H I, into- the two lateral 
powers, H L, and H K; but can the 
power H- L contribute any thing to- the mo* 
tion of the ferry-boat ?"" 

W. " No, fince it pafles along the fidi of 
the ferry-boat, and therefore cannota<3: upon, 
it." 

jR "But HK; which is perpendfeufer to* 
the fide of the feiryrboat, a&s wholly- upoir 
k ; and this is the advantage -we ddrive'freni, 
the rcfolulion . af an Mique power? namely^ 
we obtain one power, which we may leave 
wholly put. of confederation.; and another t<>. 
which we muft pay all our attention*. The 
ieapu-Hbof the water,- therefore, has juft Ae 
fame effe&iq moving the- boat, astheppwei* 
H K would- have ; but can the ferry-boat^ 
move. in the direAipniH K ?" '- 
. W., <€ No 5 it can . only move atongt the* 
great rope from H toward ;E* M 

if. /^Let us tfcen proceed ?to<rofolve H K' 
into two other powers, H M, and H N ; : 
w.ill not thefe effeft, what would have besflr 
effeftedbyHK?. 
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W. " No doubt they will, From what has 
:>een already faid." 

F. " Can the ferry-boat obey the impulfe 
Df the power HM?" 

JV. " No; for the great rope prevents 
t." 

F. " The effeft of H M therefore is com* 
:>letely counteracted by the refiftance of the 
•ope. But H N remains, for the ferry-boat 
:an move precifely in this diredtion. Ac- 
:ordingly the impulfe of the dream adts juft 
:he fame in moving the ferry-boat along the 
rope, as any power equal to H N would doi 
impelling the ferry-boat acrofs the river ; aad 
this, as you will readily perceive, as weH 
from the left bank to the right, as from the 
right to the left *, merely by prefenting it's 
tide in a different direction to the ftream. 

" It is now time for us, however, to re* 
fume our walk, or we (hall make our journey 
too late." 

William would willingly have heard a lit- 
tle more on the fubjedt $ for, by reflecting 
on i^ a few queftions had fuggefted them- 
felves to his mind. He confidercd, when 

# The right bank of a river is that, which is on- the 
tight hand of a perfon, who looks down ttafatam* 
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the ferry-boat lies with it's, fide parallel to the 
rope, the ftream cannot move it ; bpt as foon 
a$ the ilream has turned the ftern round a 
little, it begins to advance. And, if the 
ftern were not faftened to the great rope, it 
would foon be turned fo far round, that the 
fUl head -would become parallel to the rope, 
and then it would flop. Then there muft 
he one particular dirediou, in which it will 
mafce the gteateft progreG. 

His father was greatly pleafed, to find he 
bad reflected fo much on the fubjeft; but 
toid him, that he muft acquire a little more 
ftiathematical knowledge, before it could be 
properly explained to him. For the prefent, 
too, his father left his curiofity unfktisfied 
with refped to the falling of the ball, but 

proinifed to 6*pUu} it to hira the firft oppor- 
tunity. 



CHAP, v. 



THS TOWER. 

i 

William's curiofity was flimulated by 
the inftruftion his father had imparted to him. 
It .gave him much pleafufe, to learn the rea- 
fon$ <ff thofe appearances^ that are of ordiaary 
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occurrence. The greater number of mankind 
look .upon fuch things as common and un- 
ufual, without thinking any farther about 
them, or imagining, that there is any more 
fcope for thought. William's father coafi- 
deced it as an eflential point of the fupcrie- 
rity of a well educated perfon, not to be ig- 
norant in fuch common thujgs; and, in con* 
fequencc, endeavoured, as fir as his buiiriA 
would . peripit him, to conveyjjnformation 
to his children refpe&ing theni, whenever 
an opportunity offered. 

He knew from experience, that inftru&ioa 
thus opportunely communicated, when 00- 
igiipn led to it, when the curiofity of the 
pupil was excited by the objeft coming be- 
fore his eyes, was more interefting, ufeful, 
?ad entertaining, and both imparted and 
j&ceiwti with more ple^fure, than fcientiftc 
aad learned kffhns given in fyftematical 
order.. ' Not that he deemed fuch regular 
leflqjis by any mean* unneceflary ; for he ot*- 
fefved to his fan William, then ten years old, 
" When you ace a few years older, you' will 
learn all this more regularly and fundamen- 
tally from proper books, and oral inftru&ion, 
if afthe lame time you apply with, industry, 




and exercife your own reflection, which are 
the prime requisites to all learning. In the 
mean time, what you learn from me on out 
walks, or by our fireude, will be, I hope, an 
advantageous and pleafing initiation to you, 
and particularly aceuftom you early to excr- 
ciie your own reflection ; and if at any future 
time we fliould live apart from each other, 
W well as when I am gone from you for ever, 
the recolleftion of your early years, which 
you fpent under the care of your parents, 
will be fo much the more grateful to you, 
and you will think of me the longer, and 
with the more affection."' 

The road our pedeftrian travellers tool 
led them by an ancient tower. William w» 
deftrous of going up to the top of it, in 
order to have a more extenfive view of the 
country round ; and, as this might be done 
without danger, his father readily gratified 
his wifh. When William had admired the 
profped:, he amufed himfelf with letting the 
loofe fragments of ftone, feveral of which lay 
.there, fall from the top to the bottom, to fee 
how long they would be in falling. Hi* 
/ather lent him his ftop-watch for the pur- 
j)ole i and be found, that a ftone took as 
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nearly as pofiible three feconds in falling to 
the ground. 

F. " Can you tell me how high this tower 
is, William ?" 

W. " How (hould I know that, father, 
without a firing long enough to meafure 
it?" 

F. " Do you not think, that you majg. 
learn it's height from your prefent amufement, * 
letting a ftone fall ?" 

IV. " O, that is true.. 1 have only to let 
a ftone fall as far as it will in one fecond, 
and meafure that height, and then I (hall 
know it would fall three times as far in three 
feconds/ * 

F. " Indeed you are much miftakcn. 
Thus you fee, how eafily we may be led into 
an errour, when we form a judgment haftily, 
and' from a fuperficial confideratiori of a ■ 
thing. Have you any wi(h, to underftand 
the fubjeft thoroughly ?" 

W. " Yes, certainly $ for I do not like, to 
make miftakes." 
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CHAP. VI. 
HOW DOES A STONE FALL? 

F. "What is the reafon, that a Aonc, 
when .left to itfelf, falls perpendicularly to. 
the ground ? or, if it be fufpend^S by a 
F firing, ftretches the ftring in a perpend^ular 
line ? or, if held on the hand, preffes upon 
it perpendicularly ?" 

IF. " The gravity, of the ftone" 
F. " At leaftthat is thd name we give this 
caufe, of which w,e know nothing, but that 
it is a power, which continually impels a 
body toward the Earth, as if the Earth drew 
the body, or attracted it toward itfelf; No-! 
thing, is more common than the a&ion of 
gravitation. We daily fee bodies fall.; the 
ttk&s of this attraction of the Earth for the. 
bodies upon it are ' for ever exerted around* 
ut; but for this . attraction, no table, no 
chair, no houfe, would ftarid firm; every- 
thing would be flying about in confufion. 
f It is worth our while, to gain a knowledge 
of the laws, which regulate the a&ion of a 
licnomenon of fuch perpetual occurrence. 91 
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W. " I ftiould be very glad to know 
them." 

F. " If we cottfider a portion of time ever 
fo flrort, the power of gravitation, or tht 
attra&ion of bodies by the Earth, operates in 
it Divide a fecond in imagination into ten 
parts ; in the firft tenth the power of gravi- 
tation would impel the ftone through a (hort 
fpace, fay a tenth part of the length of this 
ftick. Now, if the power of gravitation 
afted no longer, the (lone would not on 
that account ftand ftill, but would continue 
on it's courfe in the fame dirc&ion, and with 
the fame velocity as before; for, as a body 
(ttreji x cahntrt be fit in motion, withoutfome 
power acting upon it 9 fa a body in motion 
cannot be reduced to ajtate cf rejt y withbut 
fbme power oppbjing it % s motion. This pro- 
perty of bodies iscalfed vis inertia, by which 
nothing more mtrft beunderftood,'ifeft<I^ 
perfeverance of a body in the ftate, in wtfkh 
it happens to be/* 

W. " Btit if I «bowi a batf along the gttrortd 
as hard as I can; it will at laft flop" 

F: " Very t roe ; but what (tops it ? The 

unevennefs ofthe ground, over which it rolfe j 

the power of gravitation, vitekk yck^kSs Sx 
& 



i 
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toward the Earth, and caufes it to rub againft 
the ground as it moves along; and the re- 
fiftance of the air, which is fo much the 
greater in proportion to it's velocity. Take 
all thefe obftacles away, and your own judg- 
ment will tell you, there is nothing, to Hop 
the ball. Confider how long a ball, continues 
rolling over a plain of ice. We are digrefs- 
ing, however, from our fubjedt. To return 
to it, if a ftone received merely the firft im- 
pulfe from the power of gravitation, it 
would continue falling, till it came to the 
ground ; and in each tenth part of a fecond 
of time, it would fall through the fame 
fpace* fo that in one fecond it would fall 
through ten fuch fpaces." 
. W. " That is clear." 

F. " But as the power of gravitation con- 
tinues to tfft with equal force on the body, 
ft gives the body a frefh impulfion every in- 
ftant, fo that in the fecond tenth part of the 
fecond it would fall through two fuch fpaces, 
in the third through three, in the fourth 
through four, and in the laft or tenth part, 
confequently, through ten fuch fpaces. Have 
you a clear comprehenfion of this, too ?" 
, W. « Perfectly." 
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" F. " Juft fo have I heard others exprefs 
themfelves, and indeed perfons who might 
be fuppofed to underftand the fubjedt, as 
they fcarcely pafs a day without having a 
gun in their hands. In you it is very ex- 
cufable. But then how is it, that* when the 
piece is well aimed, and properly fired, the 
ball fometimes flies over the mark, not under 
it ? and how is it, that the fame piece, well 
fired, and with precifely the fame charge, at 
a certain diftance hits the mark, at a greater 
diftance (hoots under it, and at a lefs (hoots 
over it ?" 

W. " I do not know, but no^a«BS|WydU 
can tell me." 

F- " You muft be aware, however, that, 
if the ball proceeded in a direft line to the 
mark, it muft hit it at a lefs diftance as well 
as at a greater." 

W. " To be fure." 

F. u But it has- been found by repeated 
experiment, that, with a good rifle-barrelled 
gun, aqd the ufual charge of powder, which 
is about the fifth part of the weight of the 
ball, if the barrel be levelled direftly at the 
mark, the ball will pafs about a foot below 
it, fuppofing the mark tQ be at \k& &!3a&&& 

*> 8 



%t THB PLEASING PRECEPTOR. . } 

it wiJl fall through in the fecond fecond of 
time ?'* 

W. " That may be found as before. If I 
add ii to 20, I (hall have 31; and if I mul- 
tiply 31 by 5, the fum will be 155. So that 
in the fecond fecond of time the (tone will 
fell through 155 tenths of the ftick, oris 
times and half it's whole length." 

F. " Now take out your pocket-book, 
and calculate the fall for a few more fe- 
conds on the fame principle." 

"William calculated and found 

ith 
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2?*. " Your laft line, you know, confifts of 
tenth parts of the ftandard we have aflumed; 
now write down all the fpaces, from the firft 
fecond to the tenth, in whole numbers and 
fractions'." 

Accordingly William wrote 
Seeondi 1 I 2 J 3 1 4 I s | 6 I 7 1 8 1 9 f 16 
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edge of the bre.ech at V, the fight at K, the 
mark, or centra of the target, at Z* No^ 
if O V K Z ,bje in a diredt line, and, as we 
will fuppofe here, in a horizontal one, the 
axis of the' barrel will not lie horizontally, 
but inclining a little upward s^o that the 
ball, if it proceeded in a ftraig^fliq^ftion, 
would arrive at L, but, being a&ed. upon 
by the power of gravitation, it proceed^ in 
the curve K, S Z* and thus hits the mark. 
In the feme manner, when the piece is. dif- 
charged from P at the bird on the pole in Q^ 
the end o£ the barrel is directed higher, 
toward R, and the ball defcribes a curve 
from P to Q." 

W. " I now perceive, why a gun, with a. 
given change, can carry true only at a certain 
diftance ;. for if the target be nearer, as at X*. 
the ball will be above the line of aim, O Z> 
when it reaches the diftance of the target* 
and cpufequenily will pafs over th? mark ; 
and if the target be farther,, as at Y, the ball 
will be below the line, and pafs under th& 
mark." 

F» " How then (hould we manage, to 
adapt a gun to a greater diftance, or a lefs ?" 

}V. " For a lefs diftance the fight aiuft be 

d 4 
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how far a body falls in the firft feeond, whicb. 
may be done pretty accurately by expert* 
ment ; and in this way it has been found, 
that the fpace a body falls through in a fingte 
feeond of time is about fixteen feet, or fix- 
teen feet and an inch. Hence, if you take 
fixteen feet for the fpace pafled -through ia 
the firft feeond of time, you may eafily cal- 
culate the fpaces for the fucceeding feconds." 

William wrote down the fpaces in his . 
pocket-book, beginning with 16, and mul- 
tiplying this number according to the feries> ; 
firft by three, next by five, and fo on. Thus 
he obtained the following numbers in feet. =.' 

Seconds il »| 3I 4 i 5 i 6 I 7 I 8 I 9 I 10 

Spaces 16I48 8o«ii2|i44i76!20«|24ol272|304 

In doing this, he perceived, that the fe- 
ries might eafily be calculated, by adding at ; 
each feeond 32 feet to the fpace gone 
through, in the preceding. 

F. " We will now compare the wholft 
time, and the whole fpace of the fall toge- 
ther. If a ftohe in the firft feeond fall 
through a given fpace, and in the next 
three times that fpace, how far will it have 
fallen -in the two feconds ?" 

W. " Through four times the fpace of the 

fiift feeond.'* 
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CHAP. XL 



GUNPOWDER. 



With refpeft to the invention and com- 
pofition of gunpowder, William could only 
find, that a monk, of the name of Berthold 
Schwarz, in the fourteenth century, was fai4 
to have pounded together fome faltpetre, 
fulphur, and charcoal ; that a fpark from his 
candle accidentally fell into the mortar ; and 
that the mixture from this caught fire, and 
blew the ftorie, that covered the mortar, up 
into the air. 

Father. " This was long the current opi- 
nion : but it is now known, that the inven- 
tion muft have been much earlier- Roger 
Bacon, who was born in 1214, and died in 
1294, and was deemed a conjuror by the 
ignorant people of thofe days for the great 
fuperiority of his knowledge, has a much 
ftronger claim to the invention than Schwarz j 
for in his works the compofition of gun- 
powder is defcribed, though, in an enigmati- 
cal manner, no doubt from an apprehenfion 
of the mifchkvous purpofes* tp which it might 

» 5 
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W. " If the ftone were three feconds in 
felling to the ground, in this time it would, 
fall through nine times fixteen feet, or 144 
feet, fo that the tower mult be 144 feet 
high." 

F. " This it would be exactly, according 
to the laws of falling bodies, which we have 
difcovered ; but you mud never forget, that 
thefe will only give you an approximation 
to the truth, for the air refills the falling 
of bodies, and this in proportion to the ve- 
locity, with which they fall. From this cir- 
cumftance, a ftone will be foinewhat longer 
in arriving at the ground, than if it fell 
through a fpace void of air. In denfe bo- 
dies, as a ball of lead, this difference is much 
lefs, than in fuch as have little weight in con- 
siderable bulk, as a piece of light wood, a 
fponge, or a hollow globe of glafs. The 
laft would be greatly retarded in it's fall." 

W. " I have' often remarked, that a flint 
ftone falls fafter than a ball." 

F. " In the air it does ; yet in a place 
deftitute of air both would fall with equal 
velocity," 

W. " But how can we make a place to 
Jjave no air in it ?" 
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F. " There is a particular machine for this 
purpofe, called an air pump, which I,, (hall 
hereafter fhow and explain, to you. In the 
mean time I have a qucftion or two more 
to afk you, that relate to our prefent fub- 

" What velocity will a body acquire in a 
given time, fuppofing it to fall freely ? 

" This queftion, however, is too difficult 
for you to give it a diredt anfwer ; we will 
therefore divide it a little. Suppofmg the 
fecond of time to be divided into tenth 
parts, as we did at firft, how many fuch 
fpaces, as the falling body pafled through 
in the firft tenth part, does it pafs through 
in the laft tenth part of the firft fecond ?" 

W. "Ten." 

F. ct And if it continued to move with 
the feme velocity, receiving no frefh impulfe 
from the power of gravitation, how many 
would it pafs through in the next fecond ?" 

W. " Ten times ten, or a hundred." 

F. " Now in the firft fecond of time, you 
remember,, according to our calculation, it 
fell through 55; fo that if we had taken 
our divifions of the fecond fo fmall, as that 
we might have rejeded the £ta&VQ&^5£*xte* 

C4 
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we fhould have found the fpace paffed 
through in the fecond fecond of time, double 
that of the firft." 

JV. " That is clear/ V 

F. " But if the power of gravitation had 
fuddenly ceafed to aft at the end of the f$- 
cond fecond of time, would not the body 
have fallen through 20 times 20, or 400 
{paces, in the next two feconds?" 

W. " Certainly; for in the laft tenth, part 
of the fecond fecond of time, it would fall 
through 2p.fpaces." 

F. " Then, as it fell through 50 in the 
firft fecond, and 150 in the next, confe- 
quently 200 in the firft two feconds, the 
fpace through which it fails in the fecond 
two is double what it fell through in the 
firft two, as in the former cafe." 
. W. " So I perceive/' 

F. " And, if we proceed with our invefti- 
gation in the .fame manjier, we fliall findi 
that, at fcherSnd of any given time, a falling 
body will have acquired fuch a velocity, as 
would carry it through double, the fpace ia 
an e^ual portion of time. . 

" JHfow many feet doe* a body fall in the 
j&*ft ftcon4-r 
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ran be inflamed or detonated by the fulphur 
uid charcoal ; for the caufe of the immenfe 
power exerted by gunpowder is properly in 
the faltpetre." 

W. " I imagined, the ftrength of the 
powder lay in the flame ; as you once told, 
me, that air was greatly expanded by heat." 

F. " This alone could by no means effect 
what we fee performed by the inflammation 
of gunpowder ; and it may be confidered as 
an unqueftipnable fadt, that, on firing gun* 
powder, an extremely elaftic aeriform fluid, 
or gas, is evolved, which arifes principally 
from the detonation of the faltpetre. Some 
future day I will (how you an experiment 
with, the air-pump, from which this may 
clearly be inferred. Remember to put me 
in mind of it. This aeriform fluid has been 
found to^dccupy 250 times, or, according to 
others, 500 times the lpace of the gun- 
powder, from which it was evolved, without 
taking into the account any expanfion from 
heat. Thus from one cubic inch of gun- 
powder are produced 250, or 500 cubic 
inches of gas, which mull be expanded to 
four times this bulk, at lead, by the heat 
generated in firing the powder. Confe- 
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the fpace it would fall through in each foe- 
ceeding fecond, if the power of gravitation 
did not continue to aft upon it* For in- 
fiance, in three feconds it will acquire a ve- 
locity of ninety-fix feet in a fecond." 



CHAP VII. 

THE SKITTLE-GROUNO. 

Father. * We have lately inveftigated the 
laws, William, according to which a body 
falls to the ground, when.it can fall freely* 
that is, perpendicularly, and without hin- 
drance. Let us now confider the defcent of 
a body on an inclined plane. For example,' 
how does the bowl roll dow?i the run of a 
Jkittle-ground ? In order to find this, we 
will draw the following figure. 




" Let A C be the inclined furface of the 
run : A B, it's height ; B C, the bafe> or the 



THE PLEASING PRECEPTOR. jtf 

• 

\tot the run .would make if it were hori- 
zontal; and D, the bowl. Suppofe, if tha 
bowl were free to fall, it would fall p&pen- 
iicularly in a given time through the fpace 
D G by the power of gravitation. This line 
} G, then, may reprefent the power of gra- 
itation at the commencement of the motion 
>f the bowl. What think you ; will not 
his power be in part diminilhed ?" 

JV. " Certainly ; for if the run were hori- 
ontal, it would be completely deftroyedj 
ut, as the plane is inclined, it will be fo 
nly in part." 

F. " Cannot you render this a little more 
[ear by the refolution of the power ?" 

W. " We mull refolve the power D G 
lto two* one of which will be entirely de- 
coyed, the other remain." 

F. " Very well ; go on." 

W. " The firft, therefore, muft be per- 
endicular to the run, as D F, which will of 
ourfe be deftroyed by the refiftance of ,the 
an ; the other D E muft be in the direc- 
ion of the run, fo this w\i have nothing 
£) obftrud it." 

F. " Then the abfolute gravity of the^ 
owl, will be to it's relative gravity, lb we call 

c 4 
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the power by which a body is.impelledtlqg 
an inclined plane, as D G to D E." 

W: « Evidently." 
. F* " Now confider the triangles D E Gy 
and A B C,.you will find they are Gmilar; for 
the angles A and D are the oppofite angles <rf 
the two parallel lines A B and D G ; and the 
angles E and B are both right angles. Yon 
have made, fufficient progrefs in geometry to 
tmderftand this, and to infef from it a pro- 
portion, which may be of fervice to us." 

W. " It follows, that D G muft be to' 
D E, as A C to A B." 

F. " What may we infer from this ?" 

W. <c That the; abfolute gravity is to the 
relative, as AC to A B; that is, as the 
length of the inclined plane to it's height." 

F. " Now fuppofe the inclined plane were 
32 feet long, and 8 feet high, how many 
feet would the ball roll down in the firft 
fecond of time ?" 

W. "As the height is exaftly a fourth 
part of the length, it would defcend a fourth 
part of the fpace it would fall through, if 
free, in the firft feccnd of time; that is a 
fourth part of fixtecn feet, or juft four feet." 

F+ « I need not remind you, that the.' 
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promifed him he would, the firft time they 
happened to be there alone. 

Many of my young readers, no doubt, 
have feen a billiard table. They who have 
not fhould be informed, that it is a parallelo- 
gram, about twelve feet long and fix feet wide, 
covered with a green cloth, furrounded with 
a rim about two inches high, and having fix 
holes, to which pockets of netting are affix- 
ed, one at each corner, and one in the mid- 
dle of each of the larger fides. Each of the 
players has an ivory ball, and a mace, or a 
cue, with which he impels it along the table. 
The mace confifts of a flat wooden head, the 
end of which is a ftraight line at right angles 
with the item ; and the flem, or handle., a 
(lender ftick, about three feet long. The 
cue is a fimple ftick, about the fame length, 
fomewhat more than an inch in diameter at 
one end, tapering uniformly to about a 
quarter of an inch at the other, and cut flat 
a little way on one fide of the larger end. 
The principal object of the player is, fo to 
(Irike his own ball with the mace, or cue, 
that it (hall hit his adverfary's ball, and drive 
it into one of the pockets ; his own ball at 
the fame time remaining on the table. 

To teach the laws of the gxvxvs, Vs> \k& wx 
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falling freely, we mull multiply the number 
of feconds by double the defcent in the firft 
fecond; in our example^ therefore, by eight. 
For inftance, the velocity acquired by the 
bowl on this plane in three feconds would 
be that of twenty-four feet in a fecond." 

F. " Confequently, in the cafe we are 
confidering, it will always be the fourth part 
of the velocity of a body falling perpendicur 
larly. 

" Now let us inquire, how much longer 
time the bowl would take to defcend dowa 
the inclined plane. from A to C, than to fall 
perpendicularly from A to B, 

" We formerly found the height of a per- 
pendicular fall, as you may remember, by 
multiplying the fquare of the time by fixteen: 
the fixteenth part of the height, therefore* 
muft be equal to the fquare of the time* 
muft it not ?" 

W. " That is obvious." 

F. " And we found the defcent on our 
inclined plane by multiplying the fquare of 
the time by four : fo that the fourth part of. 
the defcent. muft be equal to the fquare of. 
the time." 

W. " That is equally clear/ 1 
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ftrongly attached to the game, and to 
fquander at a future period too much of his 
time and money. After he had learned the 

■x. 

proper pofition of the body, how to* place 
his left hand on the table, the manner in 
which the fruall end of the cue was to be 
fuppo*ted on the thumb and forefinger, and 
the proper management of his right hand in 
order to give the ftroke,. his father taught 
hiro how ta jftrike his ball,, to make it re- 
bound from the cufhion fa as to lie where 
he Wifhed it, or to hit his adverfary's ball 
with it, and drive it into one of the pockets* 

That what I fliall have accafion to fay 
may be intelligible ta thofe of my young 
readers, who have never feen a billiard-table, 
I have given a delineation of one. A B C D 
are the four corner pockets, E and F the 
two middle pockets. On the border at I and 
K are two brafs nails, called the ftringing 
nails, between which an imaginary line is 
drawft, called the ftringing line. The fpace 
A B I K, within this imaginary line and the 
end of the tabie, being one-fourth of the 
whole table, is named the balk. 

William, who had an accurate eye and a 
fleady hand, foon learned haw to. qI&y v but 
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the queftion frequently occurred to him, 
fC why mud I play the ball in fuch or fuch 
a manner ?*' 

" Very few billiard-players," obfervcd his 
father, " know any thing of the laws of per- 
cuflion. Indeed a man perfectly acquainted 
with them may be a very bad player at bil- 
liards ; and a perfon totally ignorant of them 
may be a very good one. Yet, if a man, 
who has a certain degree of practical dex- 
terity, underftand the principles of what he 
does, it is fo much the better, and not ufc- 
lefs to him in the execution of it. If we 
fuppofe two players in , other rcfpe&s equal, 
that is, with equal accuracy of eye, fteadi- 
nefs of hand, and pradlice at the game, one ' 
of whom adds a knowledge of the theory of 
percuflion to his experience, while the other 
has no guide but his experience alone, the 
former will unquestionably beat the latter. 
The former ads from clear views ; the latter . 
has only an obfcure prefentiment of the 
effeft. The former will err lefs frequently 
than the latter. When we get home, I will 
give you a few explanations of the rules, 
which I have been pointing out to you.. to- 
day in pra&ice." 
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CHAP. XIII. 



CONTINUATION. 



F. " We will firft confider the ftroke with 
a fingle ball. When you play this againft 
the cuftiiori, it rebounds, as a ball does when 
thrown upon the ground or againft a wall. 
What is the reafon of this ?" 

W. " I do not underftand clearly why it 
fhould dofo." 

F. ' " I will tell you. A ball is elaftic : ' 
confequently, when any of it's particles are 
forced put of their place by preffure, fo as 
to alter the figure of the ball, they ftrive to 
return to it again. Thus, when you throw 
your ball upon the ground, the part that 
touches the ground is preffed flat, and en- 
deavours to return to it's former figure, with 
. a force proportional to that which was em* 
ployed in cbmpreffing it : but this force can- 
not be fpent on the hard and unyielding 
ground, and therefore drives the ball up- 
wards. If you make a ball of any inelaftic 
fubftance, as lead, or wet clay, and throw 
it upon the ground as hard as you will, it 



70 THE PLEASING PRECEPTOR. 

will not fpring up, becaufe the part that is 
flattened does not ftrive to recover* it's 
former fliape." 

W.. " But I did not think an ivory ball, 
like that with which we play at billiards, 
could be comprcffed." 
, F. " There you were greatly f mi ftaken* 
You are not able to comprefs it with" your 
hand, it is true ; but a blow or fall, will 
comprefs it, as I will (how you. See, I will 
take a little greafe and fpread it here on the 
table, and lay this ivory ball gently upon it 
You can fee the place where it touched the 
table by the mark left in the greafe. New 
I will let it fall upon another place. What 
do you obferve ?" 

TV. " That the mark, which the ball has now 
made in the greafe,* is bigger than that, which 
it made when it was laid gently upon it!" 

F. . " I need not afk you what this 
proves/ 5 

W. " It proves, that a larger portion of 
the ball has touched the table ; confequeptly, 
it muft have been fomewhat flattened." 

F. " It is juflrthe fame in playing at bil- 
liards : though here the rebound of the ball 
is not owing to it's elafticrty fpfely, but in a 
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* € This is juft the fad in the flope of the 
ittle ground, which rarely has the fame in- 
ination throughout, and it's inclination is 
ill more varied by the oblique dire&ion the 
owl takes *." 



CHAP. VIII. 



THE BALL. 



William, eagerly defirous of improving 
s Jcnowledge, reminded his father, that he 
id promifed to explain to him the throw- 
g up of the ball. 

* I am almoft afraid, that the lefTons William has here 
ceived from his father, on the phenomena of t gravita- 
)n, may appear a little dry to a few of my readers ; 
it they were neceflary previous to fome of the fol- 
wing articles : I have delivered them in fuch a way* 

not ta be above the comprehenfion of a youth at all 
cuftomed to reflection ; and I have too good an 
union of my young readers, to fuppofe them defirous 

being amufed merely, without being inftrucled. A 
:tle reflection, a little application, my dear young 
lends, muft not frighten you, if you would acquire 
eful knowledge. Believe me, the acquifition of 
*owledge will amply reward you, for all the exertion 
)u may beflow in it's purfuit. 
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the latter is totally deftroyed by it, and 
changed to it's oppofite by the adtioo of 
elafticity. 

" As foon as the ball has touched the 
cufhion G, it is again impelled by two 
powers. It's own elafticity, and that of the 
cufhion, adt upon it in the direAion G H, 
perpendicular to the cufhion ; that power of 
the ftroke which was not deftroyed adts upon 
it in a direction parallel to G Dj confe- 
quently it muft defcribe the diagonal G B. * 
But are not the triangles AGH, and B G H, 
perfe&ly fimilar ?" - 

^ " Yes ; for the fide G H is common 
to them both, A H and B H are equal, 
and the angles at H are the fame in both, 
each being a reftangle j but if two fides of 
one triangle, and the angle between them, 
be equal to two fides of another and the in- 
termediate angle, the two triangles muft be 
alike 5 and, of courfe, the angles at G muft 
be fimilar." 

jF. " Very right. We know now, there- 
fore, the law, according to which the ball 
rebounds from the cufhion, namely, at the 
feme angle, under which it was played 
againft it. This law will guide a man, 
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tould the power of gravitation aft upon it 
n this time I" 

. W. " It would deprefs it four times fixteen 
: eet, that is fixty-four feet." 

•JF*. w Confequently \t would not arrive at 
2 9 but at B ; thus, if C be fixty-four feet 
ligh, reaching the ground. If you draw the 
figure larger, you may divide the line of 
proje&ion into more equal parts than I h^ve 
done here, and thus obtain the curved line, 
which the ball defcribes in paffing through 
the air. Thus, the ball impelled by the 
hand alone would reach the point I, midway 
between A and F, in half a fecond ; and in 
the feme time the power of gravitation woyld 
deprefs it one-fourth of fixteen feet, that is four 
feet. Thefe four feet being fet off on the per- 
pendicular I H, we (hould find the point N, at 
which the ball would arrive in half a fecond." 

W. " Might we not draw the curve linci 
with a pair of compafles ?" 

F. " No : it is a line of a- different kind 
from that of the circle, with the properties 
of which I (hall hereafter make you acquaint* 
ed> when you have advanced farther in the 
fcience of geography, for which, to my great 
ktisfa&ion, you (how fo much aptitude. At 
prcfcntJIhaU only tell you tta,wara&<& vW 
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curve ; it is called a parabola. But will the 
ball proceed in fad .precifely in this line ?" . 

W. " Probably the refiftance of the air 
will make fome alteration here too." 

F. " It will ; * arid "a very perceptible one. 
Hence experiments of this kind will never be 
found to -coincide exa&ly with the calculation. 

" By this time, I imagine, you are able 
to perceive, why a ball, when thrown ftraight 
upwards by a perfon failing in a boat, or rid- 
ing in a carriage, falls down into his hand 
again, as well as if the perfon flood on the 
ground. " 

W. " The ball in this cafe is afted upon 
by three powers: by th" hand, which impels it 
dire&ly upwards ; by the boat, which impels 
it horizontally ; and by the power of gravita- 
tion, which afts upon it perpendicularly." 

F. " Right. Suppofe then that the hand 
ia A impels the ball with a force that would 
make it afcend perpendicularly 32 feet, or 
to E, in one fecond, and that the boat 
moves from A to G in one fecond ;• thefe 
two powers, A E and A G, adting on the 
ball, would, carry it through the diagonal 
line A F: in the mean time the power o( 
gravitation would deprefs it to M, where it 

wouid.be in the middle, of lYvs \\&orc -, .tod, 
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in which the balls touch each other, L O, 
parallel to a tangent drawn through the 
point of contadt. Whatconclufion may we 
draw from this?" 

JV. " The lateral power L O, which 
merely paffes by the adverfkry's ball at the 
point of contadt, can contribute nothing to 
it's motion ; oh the other hand, the power 
L N, which is" perpendicular to the point of 
contadt, afts wholly upon the ball, which 
muft confequently move in the direction 
L N." • 

Fs *? You will, no doubt, be aware your- 
felf, that the oblique ftroke has it's limits. 
For inftance, do you fuppofe it poffible, to 
hole the ball M in the pocket C, if you play 
your own ball in the diredtion R O ?'* 

W. " No ; for then my ball would pafs 
dofe by the ball M, without touching it fo 
as to move it out of it's place." 

F. " What then is the extreme, that limits 
the oblique ftroke ?" 

W. " It is the ftroke in which the direc- 
tion of the player's ball makes a right angle 
with that which his adverfary's fhould take." 

F. " Right ! the angle which the direc- 
tion of the player's ball avake& m\k ^w^ 

E Z 
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which his antagonifl's fliould take, muft al- 
ways be an obtufe angle. When it is but 
little obtufe, or approaches a right anglb, 
the adversary's is faid to be define ball, and 
the player is faid to hit it fine \ or cut it. 
The iefe the angle exceeds 90% the finer 
the cut. 

" K perfectly full ball, or a dead full Ipall, 
as it is commonly called, and a very fine ball, 
are the mod difficult to play. A ball at a 
moderately obtufe. angle iseafier. 

" What we have confidered hitherto, refers 
merely to the dire&ion the ball played upon 
is to take. How far it will run, and where 
the player's ball will lie after the ftroke, can- 
not be determined in fuch a general way; 
for thefe will depend on the ftrength of the 
ftroke, and the weight of the ball. They 
will form fubjedh for our confideration & 
fome future time. 
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" That will give me fo much the more 
pleafure," anfwered the good youth. 

Accordingly, when the afternoon arrived, 
Mr. Goodwyn repaired with his fon to the 
field. Several (hots miffed the mark ; when- 
ever one hit it, the found of the drum an- 
nounced it to the fpeftators. The drum 
beat, likewife, previous to eveiy (hot, as a 
warning to the company, to keep themfelves 
out of the way of danger ; but this was far 
from fufficiently heeded by many. WilJiam 
kept clofe to his father, in a place perfe&ly 
fafe, and enjoyed the (hooting, the mufic, 
and the fight of fuch a concourfe of people, 
affembled on a fine day to partake in the 
general feftivity. Piece after piece dropped 
from the wooden bird, which was placed at 
the top of a high pole j the diverfion ended* 
with the approach of night; the crowd gradu- 
ally difperfed ;. and William returned home 
with his father. 

" Would that powder and (hot were never 
more to be employed, but for amufement !" 
exclaimed Mr. Goodwyn : " that balls hence- 
forward were to pierce only targets and 
wooden birds, not kill or wound men !" 

" I cannot think how men fliould ever 

VOL. J. D 
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rate powers, which endeavour to move it 
round a third point in oppofite dirc&ions. 
When this third point, or centre *of motion, 
called the fulcrum^ is between the other two, 
at which the moving powers $6t, it is a lever 
of the firft order, and has either equal arms, 
like »a common pair of fcalcs, or unequal 
arms, like the ftcelyard. 

. " When the centre of motion is at one 
end of the lever, it is a lever of the fecond 
order. 

4< Remember now the following law ; the 
powers acting on the lever are in equilibria, 
when they are in the inverfe ratio of their 
dijlames from the centra of motion. 

44 This law we find confirmed by experi- 
ence in all cafes, and with this we will reft 
fatisfied for the prefent ; but it is capable of 
demonftration, without having recourfe to 
experiment, as you will learn hereafter, when 
you have made farther progrefs in the 
fciences. 

44 Thus, when a corifiderable weight lies, 
or is fufpended near the centre of motion, it 
may eafily be balanced or raifed by a fmall 
weight, if this be at a fufficient diftance from 
the centre. You may fee this put into 
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At the find qucftion William leaked on 
ids father with a {mile, as much as to fay, 
u a very puzzling queftion truly !" To the 
fecond he expected to find an anfwer in fonio 
of his books, „- . - « . . 

." ** 
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Father. "Well, William) are you rfeady 
with your anfwers to the queftions I put to 
you yefterday ?" 

William. « Only in part. If you had aflted 
Hie, why, when' good aim is taken, and the 
piece is properly fired, the ball fometimes x 
miffes the mark; I.fhould have anfwered, 
becaufe the gun was not well made." 

' F. %€ Let us then confider the queftion, 
as I put it to you yefterday, a little more 
dofely. What is it a man does, when he 
takes aim at an objeft with his gun ? You 
know I have already allowed you to (hoot 
with tme fometimes, as I would have you 
learri how to handle futh a thing, and to 
manage it with prudence." 

d 2 
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the bucket cloie to the edge of the table, 
for which purpoic it's handle Hi ould have a 
proper lhapc. If this be thick and round, 
the ftem-of -the pipe will break ; and indeed 
all pipes will not aniwer for the experi-- 
mcnt/V 

William now made a little calculation 
concerning this experiment. He afked John 
how much the bucket weighed, and was told 
about thirty pounds, for it was not a large 
bucket, and John had not filled it to the 
brim. William then borrowed a pair of 
tcales of his mother to weigh the tobacco- 
pipe, and found it to weigh two ounces ana 
a half. The bucket was fo clofe to the edge 
i f the table, that he eftimated the point of 
fufpenficn at no more than the tenth part of 
an inch, or a line from the fulcrum. So far 
he went on rightly ; but he was about to 
mkke a confiderable errour with regard to 
the weight of the pipe, by confidering the 
whole of it as at the farther end, or in the 
bowl. His father informed him, however, 
that this weight lay in the centre of gravity 
of tbe pipe, which he might eafily find by 
balancing the pipe horizontally on his finger. 
On trial, in this way, he found, that the centre 
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gravity of the pipe was twenty inches 
tant from the edge of the table. 
F. " Now, to find oa which fide the pre- 
nderance muft be, you have only to find 
i momentum on each fide ; that is, the 
ight, or power, multiplied by the diftance 
m the fulcrum; and on whichever the 
mention comes tfut greater, on that the 
k ponderance will be. I need not caution 1 
j, I prefume, that both the diftances and 
ights muft be reduced to fimilar denomi- 
ions : thus- you may exprefs the diftances 
lines, the weights in half .ounces." ' 

Accordingly ^William reckoned as follows : * 

Bucket 
ight ' 30 pounds* 
32 



60 

9©» 



960 half ounces 
lance 1 line. 



xnentum. 960.. 



Tobacco-pipe 
5 half ounces 



1 



200 lines 



1000 



ence hfe perceived," that the bucket could 
t preponderate, as the greater momentum 
sxm the fide' of the tobacco-pipe. 



*S 
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CHAP. XVI. 



THE HEAVY GOOSE. 

William had refle&ed on what his father 
had faid concerning the bucket and the to* 
bacco-pipe, and thought he would pofe John 
in his turn. 

W. " John, how far do you think you 
can carry a goofe?" . 

/. " As far as you pleafe, Sit. 1 ' 

W. " I believe not. I can kt a goofe 

« 

upon your fhoulder, that you cannot carry 
the length of our garden." 
/. " What, a leaden goofe, I fuppofe.'' 
W. " No : the fat goofe you killed this 
morning." • 

" I fliould like to fee that,'* replied John: 
for he was a ftout youth, 'and thought his 
young mafter could not place a goofe* that 
weighed only twenty pounds,, in fuch a pofir; 
tion upon his (boulder, as to prevent him 
from carrying it to the next town and back 
again, if it were required. On trial, how 
3 



THE PLEASING PRECEPTOR: ^S 

ever, John was foiled, and found himfelf 
obliged to lay down the goofe. 

William had taken a ftick fix feet in 
length, at one end of which he hung the 
goofe, and the other he placed upon John's 
fhoulder in fuch a manner, that the "end/ by 
which he was to hold it, was only half a foot 
from the point of fupport. In confequence, 
the diftance of the goofe from the fulcrum 
t being eleven times that of John's hand, Joha 
was obliged to exert a power equal to eleven 
times the weight of the goofe, or two hun- 
dred and twenty pounds, to keep it in equi- 
librium, and the two powers prefied upon 
John's (houlder with a weight of two hun- 
dred and: forty pounds, which was more than 
he could fupport. 

" That you may not have too. high an 
.©pinion ef your knowledge/* faid William's 
father, " now let me afk you a queftion* If 
you and Jojitf were to carry the goofe on this 
flick, each holding the ftick. by one end,. 
and John be as ftrong again as you, in what 
part of the ftick fhould we place the goofe, - 
that the weight each would have to carry 
might be proportionate to his ftrength ?" 

e 6 
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William began, to ftudy, but was not (boa 
ready wirti his anfwer. 

F. " Would you be content, that the 
goofe fhould hang in the middle of the 
ftick?" 

. W. u No ; for then we fhould have equal 
weights to carry; and, as I am the weaker, 
that would not be fair/' 

F* " Should it be nearer you, then ; or - 
John ?" 

W. " Nearer John/* 

F. How much nearer Y* 

IF. " A fourth part." 

F. You fay this by guefs. But if Joha 
.knew what he were about,, he would not 
allow it, for thus it would be too near him. 
If, however, we divide the ftick utfo three 
parts, and hang the goofe fo, that it would 
be four feet diftant from your hand, and tw*> 
feet from John's, neither would have aay 
reafoa to complain. 

<c With refpett to you, William^ Johnfs 
hand is the fulcrum of the lever ; the difUnce 
of the weight from the fulcrum is two feet, 
the diflance of your hand from the fulcrum 
is fix feet, or three times as much, fo that - 



k 
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you have only one third of the whole weight 
to fupport, or fix pounds and two thirds of 
a. pound. 

" With regard to John, your hand is the 
fulcrum, the diftance of the weight is four 
feet, and the diftance of the power fix fcct 9 
as before. Now fince the former is two thirds 
of the latter, he muft exert a power equal to 
two thirds of twenty pounds, or thirteen 
pounds and one third, which is juft double 
that of yours, and confequently the propor* 
tion required." 

William perceived this, and wiilied to 
know the rule for finding the proportion. 

F+ " It is very fimple. We add the two 
numbers, which exprefs the relative propor- 
tions of the powers ; as in this cafe two and 
one make three : .we divide the lever into fo 
many parts as the produdt gives* and we 
place the weight fo that the parts of the 
lever on either fide of it will be in the in- 
verfe ratio of the powers. Thus, in the 
prefent inftance, your hand would be twice as 
far from the weight as John's, to which we 
allow twice the ftrength of yours." 



1 
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CHAP. XVIL - 

W.HAT ARE THE SMALLEST ANIM^ 

WE KNOW? 



"Why do you keep that dirty wat 
that glafs, father ?" faid Caroline ; " i 
been there a long while; (hall I thr< 
away ?" 

F. " Not yet, my dear : I will firft (hov 
fomething very aftoniflhing in it." 

" Aftoniftiing? What?" inquired < 
line, with eager curiofity. 

F. " An immenfe multitude of 1 
creatures, which you cannot difcern wit 
naked eye, but which may be rendere* 
fible by a good magnifying glafs, or ik 
/cope. Call William, it will excite w< 
in yo\i both." 

While Caroline was gone for William, 
Goodwyn fet his microfcope in order, 
fcrewed in a lens with a very highly m 
fying power *. 

* What microfcopes and magnifying lenfes ar< 
be explained more fully hereafter. 
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JVUliam and Caroline came in, and flood 
Poking on with eager expeftation. 

F. " Seetfhis drop of liquor, which I have 
:aken out of the glafs : what do you per- 
;eive?" 

C. " Nothing but dirty water/' 

F. " I will now place this drop on the 
lide under the. microfcope. Caroline, you 
3ok in firft; then William r but you mud 
tot move the microfcope." 

C. " Blefs me I it is all alive. Look, 
/Villiam, what a multitude of little crea- 
uresV* 

W. " A multitude, indeed t and how faft 
hey move about !" 

Caroline and William could not enough 
;dmire this wonderful fpe&acle. " What 
reatures are they ?" " Why cannot we fee 
hem with our naked eyes ?" " How fmall 
hey muft be, for a fingle drop of water to 
:ontain fuch numbers !" " Where did they 
ill come from ? M * Thus they went on with, 
jueftion upon queftion. 

1 doubt hot, my young readers, but you 
vould be equally aftonifhed, and equally in- 
juifitjve, if you had an opportunity of feeing 
i fioftilar exhibition > and are at leaft defirous 
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of fome further information, refpe&ing this 
natural curiofity. J will therefore proceed, tc 
give fome account of it, which will unqusf- 
tionably amufe you. 

Thefe creatures, the fmalleft with whi<± 
we are acquainted, are called animalcules oj 
infufion. They are thus named, becaufethej 
are produced in infufions, and are fuch dimi- 
nutive animals. For their production no- 
thing more is required, than to pour wate: 
on any animal or vegetable fubftance, anc 
_ let this infufion iland four or five days in< 
moderately warm room, when a fpecies c 
fermentation will take place in the liquor, s 
flimy fkin will grow over it, and an immenfi 
multitude of tlvefe animalcules, vifible oalj 
by means of the magnifying glafs^ will b( 
found in the fluid. They may be obtainec 
from different vegetable fubftances, asl have 
obferved; but from fome -more, from- other; 
lefs. They, are produced in the liquor oi 
oyfters ; in infufions of meat, pepper, oi 
chopped ftraw; and more abundantly-in in- 
fufions-of hay,, of a fort of periwinkle, orol 
mignonette, an-odoriferous flower, with whicb 
you are all acquainted, and many othei 
flowers. From fome flowers, indeed, I have 
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V 

not Succeeded in obtaining any: but it is 
probable, that I did not take them at a pro- 
per period. Of the numerous infufions, 
however, wkh which I have made experi- 
ments, none afforded me fuch multitudes of 
animalcula as thyme. If you put as much 
thyme as may be taken up between ther ends 
of the thumb and two fingers into a wine- 
glafe, fill the glafs with pure water, and let it 
ftand for four days, you will be truly afto- 
nifhed, when you look at a . drop of it 
through the microfcope. Millions of ani- 
malcules fwim about in it, and the celerity 
of their motions is Sq great, that it makes 
the eye almoft giddy. Figure 4 will give 
fome idga of them; only you muft conceive 
the animalcules to be infinite in number, and 
all in motion. 

Wonderful ! you will fay : — whence * do 
thefe creatures come ? where were they be- 
fore ? why do they not appear, till the water 
has been poured on the herb, and flood on 
it fome time ? 

It is wonderful, indeed, my young friends: 
&nd who is there, to whom thefe queflions 
will not fugged themfelves, when he difco- 
vers an ocean of animated beings in a drop of 
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water, where a little before nothing was to be ; 
ililccrned r— But who caa anfvver them?— * 
InfleaU of Hopping at thete queftions, we 
wili puxlue our obiervations themfelves i 
little farther, if you have any inclination to 
hear more of creatures, of which millions 
may be iwept from the glafs at one ftroke 
with the point of the finger. Of their ex- 
igence I can entertain no doubt. 



CHAP. XVIIL 

COS T I NO AT TO ». 
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ikrty that they have perceived a difference 111 

i" "their figure, according to the iubftances from 

* - vrtiich they were obtained. I will not conteft ' 

? it : though I muft fay, that I was never able 

to difcern this difference, in the obfervations 

JJiave made on various infufions. The ani* 

malcules in the infufion of hay, for in fiance, 

appeared to ray eye the fame as thofe in the 

infufions of thyme and mignonette. Variety 

in the figures and fizes of the animalcula I 

have obferved, it is true; but in the very 

fame infufion, not in the infufions of different 

fubftances. One and the fame animalcule, 

„ too, may aflume different figures. The foU 

lowing are my own obfervations on the fub~ 

jeft. 

The ufual form of the animalcules, when 

at reft, appears to be fpherical, or a little 

longifh, or egg-fhaped, as fig. 5, Nos. 1 and 

a. When they are in motion, their bodies 

are more. or lefs elongated, accordingly as 

they fwim about with more or lefs celerity, 

as .Nos. 3 and 4. Some are feen darting along 

with great fwiftnefs, the figure of which is 

nearly linear, or refembling that of a fmall 

worm, ' 
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When the animalcules have this elongated 
figure, as in No. 3 and 4, we may clearly 
diftinguifti one end to be pointed, and the 
other pyriform, that is, fhaped like a pear: 
and it is to be obferved, that they always 
fvvini with the pointed end~forward, whence 
we may conclude, that this is the head of 
the animalcule. This inference is confirmed 
by the obfervation, that the animalcule can 
make particular movements with this pointed 
or foremoft end, of which I (hall fay fame- 
thing more by and by. 

With regard to the colour of animalcules 
of infufion, I have aim oft always feen them 
clear and tranfparent as water; properly, 
therefore, without any colour. Sometimes, 
however, a few fwim through the ■ field of 
the microfcope,. which are browniQi and 
opakejbut thefe are much rarer than the 
tranfparent ones, and for the moft pari tok- 
rably large. 

In the thick or pear- fhaped end may be 
difeerned dark points, or curved lines va* 
rioufly crofiing each other, which fome have 
confidered as wrinkles in the fkin. of the ani- 
malcule; but it is probable, that they are 
internal parts. 
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CHAP. XIX. 



CONTINUATION. 



The fize of thefe animalcules, I mean 
their apparent fize, varies greatly. With a 
glafs that magnifies the diameter of an objeft 
three hundred times*, fome appear about 
the fize of a fmall bug, feen at a diftance of 
eight inches from the eye, others the fize of 
a- loufe, others ftill fmaller, and laftly, at 
which I have been mod aftoniihed, as were 
two of my friends, who obferved it with me, 
among thefe larger animalcules in the infufion 
of hay may be feen an infinite number of 
minute animated /pecks fwimming about, 
which, with this great magnifying power, 
appear no bigger than the fmalleft mite, or 

• Magnifying powers mould always be reckoned 
thus, that is, according to the diameter. When the 
diameter is magnified 300 times, the furface is magni- 
fied 300 times 300, or 90x000 : bat ibme, who are 
fond of immenfe numbers reckon by the magnifying 
of the folid, which in this cafe would be twenty-feven 
j&iUkms of times, » 
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fineft grain of fand, does to the naked eye, 
yet their voluntary motion is clearly per- 
ceptible. 

Probably, too, the fize of the fame indi- 
viduals varies, for no doubt they are at firft 
fmall, and grow larger from the nutriment 
they take. Probably thofe infinitely fmall 
points, that we obferved in the infufion ol 
hay, were' a numerous young brood, a new 
rifing generation of animalcules. If we exa- 
mine an infufion, of thyme for inftance, on 
the third day, only a few animalcules will be 
feen, chiefly of a round figure, and neiihei 
fo large nor fo lively as on the fourth and 
following days, when they are confiderably 
more numerous, brifk, and large. Some 
Jays after, when the infufion has dried away 
a little, they again appear fmaller and left 
lively. 

You will afk. me, my young readers, how 
big the largeft of thefe -animalcules of infu- 
fion may be : accordingly I (hall endeavour 
to give you fomc conception of their minute- 
nefs. A grain of very fine fand, when mag- 
nified to a certain degree, but far from the 
higheft magnifying power, appears about the 
fize of fig. 6. The ftrgeft animalcule of itf- 
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fufion, with the fame magnifying power, will 
appear at lead fix times lefs in * diameter. 
Whence it follows, that upwards of two hun- 
dred of th« largeft animalcules of infufion 
may be contained in the fpace occupied by 
one <rf the fmalleft grains of fand. A little 
mite is to one of thefe animalcules much the 
fame as a turkey is to a fparrow. 

Reafon here, you will fay, is at a ftand : 
a remark on no occafion more ftri<5Uy true, 
than when with artificial aids we overftep the 
limits, to which nature has reftri&ed our 
fenfes. What lie's beyond the natural boun- 
daries of our fenfes and imagination, reduces 
reafon to a ftand, as it is aptly exprefled. Thus 
it is, when, availing ourlelves of the magni- 
fying power of the lens, we fee a drop of 
water fwarm with multitudes of living crea- 
tures 3 thus, when through the telefcope we 
perceive the boundlefs fpace of the firmament 
filled with ftars innumerable. At your age, 
my young friends, fuch a profpcft excites 
for the" moft part aftonifliment merely : here- 
after, when you have learned to confider 
thefe wonders in a higher point of view, a 
nobier and more exalted fenfation will fill 
your hearts. May yo^ become trul^ alvwe 
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to this icnfation, and enjoy it in it's full ) 
extent. 



CHAP. XX. 



CONTINUATION. 



As you do not appear to be weary of 
hearing of thefe little invifible creatures, I 
fhall proceed with the fiibjeA. We wiH now 
confider their motions. You can conceive 
nothing more lively, than thefe animalcules: 
the buftle of a neft of ants, or fwarm trf 
gnats, is fluggifhnefs to it. They dart in all . 
dire&ions, like an arrow from a bow, acrofs 
the field of the microfcope, in ftraight lines, 
when, as I before ebferved, their bodies 
are drawn out greatly in length. Sometimes 
they conceal themfelves under the flime of 
the liquor, as if they were feeking their nu- 
triment there : then they reappear, fwimming 
in various direftions^ and dexteroufly paffing 
each other when they meet. . Sometimes they 
draw their bodies up together in a fpherical 
form, and then ftrctch them out again, in 
the fame manner as a leech. Now they.ap- 
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>ear to dive down toward the bottom of the 
Irop, as only their hinder parts are vifible * 
)refently they fpih round like a top, with in- 
edible velocity. - When one of thefe. ani- 
iialcules has eAt;angied himfelf in a particle 
:>f flime, it is pleafing to fee how he whirls 
limfelf round with-it* in order to extricate 
;iimfelf. It is equally pleafing to obferve the 
tnotions, which they frequently make with 
the head, or pointed fore- end. When they 
give themfelves a fprijig toj dart fofvyard, : they 
frequently turn the head quickly on one tide, 
as if jthey were biting at fomething, and fwim. 
forward with the head in this oblique direc- 
tion, as at No. 5. One of my friends ob- 
ferved, that it looked as if they fnapped at 
the little animated points I mentioned juft 
now, and went in chafe of them. 

The longevity of thefe animalcules cannot 
eafily be afcertained, ■ Thofe that we con- 
template under the microfcope do not die a 
natural death, but are deftroyed by the eva- 
poration of the fluid-, which leaves thotffaflds 
of their dead bodies pn the glaf? fljde, in the 
lhape of a little fcarcely perceptible duft; It 
is obfervable, that, in an infufion, which has? 
l^pod .^wcefc qr.raore,; thsy. \be$Qftv^ {$v3iV^\ 

vol. 1. ' a 
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and at length leem to difappear, Whether 
however, thefe fmaller animalcules be the 
fame, which have gradually diminished in 
fize, or whether they be a more diminutive 
fpecies, which at laft alone remains, cannot 
be afcertained. 

The numbers of thefe animalcules farpafs 
all conception. Since there are fo many 
thoufends in a (ingle drop, what multitudes 
mull there be in a wine-glafs, that apparently 
contains nothing but a little dirty water! 
what, in a puddle, or ditch, where animal 
and vegetable fubftances putrefy together! 
How infinite this world of organized living 
beings, all of which are provided with inftru- 
ments of motion and nutrition ! 



CHAP. XXI. 



CONTINUATION. 



It is not eafy for any one, who has coft* 
templated animalcules of infufion through a 
good mkrofcope, to confider thefe minute 
bodies as any thing elfe but living creatures. 
Yet, that they are fo, has been denied ; And 
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tfie great celebrity of the natural hiftorian, 
who will not allow them to rank among ani- 
mals, may gire fomc weight to this hypo- 
thefis ; for which reafon it deferves to be no- 
ticed here. 

The naturalift, to whorr* I allude, is no 
other than Buffon, with whofe name and re- 
pute I prefume few of my readers are unac- 
quainted. 

tt We need not be apprehenfive ongoing 
too great a length," he obferves, •* if we 
aflert, that the grand divifion of natural pro- 
duftions Into animals, vegetables, and mi- 
nerats, is far from comprifing all kinds of 
material beings." He conje&ures, that " a 
clofer fqrutiny into nature will lead us to the 
difcovery of certain middle beings-, fuch or- 
ganized bodies, as do not poflefs like plants 
and animals for example the faculty of repro- 
ducing their like, though they have> a kind 
of life and motion; or bodies, that are nei- 
ther animals nor plants, yet may contribute 
to the compofition of both; or beings, that 
are properly nothing more than an aggrega- 
tion of organic particles. 91 He is inclined to 
confider eggs as belonging to the firft of thefe 
clafles; " and the moving cot\k&\c&, <&*- 
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fcrvcd in the infufions of fleih, or feeds and 
ether parts of vegetables, might be reckoned 
in the fecond clafs of thefe equivocal beings^ 
They are the organic particles, or primary 
aggregations of them, from which the or- 
ganic bodies of animals and plants are com- 
pounded. 

" .Still farther to confirm this opinion, 
that thefe organic bodies are not real, ani- 
mals,"^ continues Buffon, " we need only 
fonfider attentively .the appearances, that the 
experiments exhibit. Men have fuppofed 
thefe corpufcles to be animals, becaufe they 
difplay a progreffive motion, and .the ob : 
fervers have perluaded themfelves, .that they 
have leen tails to them*. 

~ € May we not very reafonabJy doiibt thefe 
fuppofitions," he adds, " when we confider, 
on the one hand, the fudden and total dis- 
continuance of the progreffive motion begun, 
and on the other the reality of the fuppofed 

* In all, the animalcules of infufion, that I have 
feen, I have "never difcerned any thing like a tail : it 
is poflible, however, that there may be fuch an appear- 
ance in fome, as obfervers, whofe accuracy and fidelity 
we have no reafon to difpute, mention it. 
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fails, which are- nothing mote than filaments, 
that the moving bodies draw after them* ?* 

" An animal moves now quickly, thea- 
ffowlv, andfometimes refts from motion. 
• " Thefe corpuffcles, on- the contrary, con- 
tinue moving on in' the fame manner, '> with- 
out ever repofing, and then renewing their 
movement. They continue to proceed on- 
ward without flopping; and when they have 
once flopped, they- remain immoveable. Such 
a 'perpetual motion, uninterrupted by repofe, 
can by no means be confidered as the ordi- 
nary motion of an animal.'-' 

We might here be inclined to doubt, whe- 
ther Buffon ever law any animalcules of infu- 
fk>n, if it were not for the many experiments 
he relates with much prolixity. At the firft 
view through the tnicrofcope we may fe^, 
that the animalcules move fometimes fafler, 
at other times flower, now here, now there, 
reft from motion, and then move again, turn 

round on their own axis, &c. It is incoft- 

» # 

* The trace left behind in the water by the animal- 
cule moving with fuch velocity may give the appear- 
ance of a tail. 
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ceivabh to me, how Ruffon could pen fuch 
a palpable untruth. 

" Befides," he goes on, " let us conceive 
what animal we will-, it muft have fome per- 
manent form, and diftinft limbs: but it is 
well known, that thefe moving corpufcles are 
changing their figure every inftant, have not 
one diilinft limb, and their tail appears to be 
a mere accidental circumftance." 

At the commencement of this paflage the 
reader will immediately think of the leech, 
which, when it fwims in the water, has a 
long extended figure, yet at times draws it- 
felf up into a very different lhapc. Exa&ly 
the fane charge of form may be obferved in 
the animalcules of infufion, which always 
return to their common oval figure. Their 
change of form, too, is frequently in appear- 
ance alon^, arifing from their different pofi- 
tion with refpeft to the obferver's eye. The 
aflbrtion, that they have no diftinft limb, is 
Confuted by the remark made above, that 
they move their heads, and turn them on 
one fide. 

From what I have here fubjoined to the 
affertions of Buifon, I apprehend, it will 
fufficiently appear, how little foundation 
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there is for the hypothecs, that denies ani- 
malcules of infufion the pofleffion of proper 
animal life and perception. This may ferve 
as a caution to you, my young readers, that 
we ra,uft not always rely implicitly on the 
afleitions of a man of great name. 



CHAP. XXH. 

THE HOUSE REMOVED. 




Dear Henry, 

When you come to fee us again, you will 

find great alterations. A houfe has been 

built on what was a vacant (pace : inftead of 

an old building, that, appeared tSff&lU)^ 

F 4 
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clown, a large new one has been ere&ed: and 
Lift of all, a whole houfe has been removed 
to fome diftance from the place where it 
ftood. 

" Removed to fome diftance/' you will 
fay : " yes, pulled down, and built up again 
in another place." 

No, Henry ; aftually removed to another 
j-lace in the proper fenfe of the words. I 
myfelf law it doac yefterday, and my head is 
fo full of it, that I mull tell you the whole 
of the affair. 

A little while ago, when my father was 

■ 

talking to me about the power of the lever, 
he told me, that he would (hortly (how hie 
an application of it, at which I. ftiQuld be 
furprifed. I did not know to what he al- 
luded, and was a little curious, as you rtay 
fuppofc, to" fee* what- was to furprife inc. ' 

Yefterday he called me out of the garden. 
"•Come, William, we will go-to Mr, Allen's, 
and fee a houfe pufhed out of the way." 

I almoft thought my father was in jeft, 
•but he looked ferioufly, and he is not apt to 
jeft with me. 

Accordingly we went, and prefently tfe 
faw the bijfinefs. commence. 
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I know, my dear Henry, that you arc 
older, and bigger, and^know more than I j 
and will underftand the bufinefs better your- 
felf, than I can defcribe it : but it is for my 
own profit and fatisfa&ioh, that I give you a 
defcription of it; not to inftru&you, which . 
your tutor can do better. . 

The building,- that was to be removed, ^ 
was- neither one of the pyramids . of Egypt, , 
nor St. Paul's church, as you may iuppofe ; - 
but it confift^l of a two-ftall flable and 
coach-houfe, the brick, and wood, and tiles 
of which, muft be of fome- weight ; and 
which ftctod-ib near Mr: -Allen's houfe, as to ■• 
render his yard very fmalh He would have * 
pulled it down, and built it 1 up again farther . 
off: but an- ingenious* carpenter told him, 
that he would engage to remove it as it *was; 

"You muft not be angry with me, Henry, , 
if I feem a little tedious- in telling my ftory. 
I believe th* carpenter would take lefs time 
to remove a houfe with his levers, than I do * 
to give an account of- it. * . 

Firft a trench was dug j 'in the ground, Co » 
as to 1 admit large beams to be placed under " 
the frame timbers of the building, notches 
being fijfl: cut in the beams, to admit thfc 

* 5 
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timbers. Under tbefe beams feveral wooded 
rollers were placed : and thefe rollers refted 
upon long balks, which they called ways, 
and which reached as far as the building was 
to go* 

Once, my father told me, a church-ftee- 
ple, with the bells and every thing in it, 
was removed feme yards in this way, men 
chiming upon the bells at the fame time. 

The preparations, that I have been de- 
scribing, were made before%we came : the 
work it (elf was now performed, and took up 
no long while. 

About a dozen men were ftationed with 
flrong levers in their, hands, which they 
paffed under the frame-timbers, the ends 
refting againft the ground. The carpenter 
gave the words of command : " one, two, 
three." At the word three, all at once bore 
again ft the end of their lever with the 
fhoulder, by which the frame-timbers, and 
confequently the whole building, were moved 
forward upon the rollers a few inches. They 
then halted, the carpenter examined whether 
the building had moved in a ftraight direc- 
tion, and whether the beams lay properly on 
the ways : the rollers were moved, as it was 



THE LEASING PRECEPTQ*. toy 

found neccflary : the word of command was 
given again 5 arid the building moved for- 
ward a few inches more. In this manner 
they proceeded, alternately- applying the le- 
vers, and obferving the progrefs of the 
building, till the ftabte and coach houfe ar- 
rived gradually at their deftined place, with- 
out pairing fuftered the lead injury. 

Thus you have my ftory, my dear Henry; 
which, I hope, will not be unwelcome to 
you : though woouid have wiihed you had 
beeu prefect, for wt cannot Ice houfes moved 
about every day. Adieu ! Think- of us often, 
apd particularly of thy affedion^te, 

Wm. Goodwyn. 



p 6 
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CHAP. XXIII. 



THE SEE-SAW. 




Father. " You arc warm,. William : what 
exercife have you been taking ?" 

William. " Charles and I have been Twing- 
ing, and playing at fee-faw." 

F. " Very good. I am always glad to 
hear of your cxercifing yourfelf: now is the 
proper time for it, while all your joints are 
fupple. Run, jump, dance, fwing, play at 
iee-faw, walk upon a round pole : all thefe 
exercifes promote corporal ability, which is 
of advantage to us on nuiabwYtfa ocwXvatfc, 
3 
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flrengthen the body, prefervc health, and 
impart cheerfulnefs to the mind. But, in 
the fijrft place, be prudent in all your excr- 
cifes, and not rafh: fecondly, never bellow 
more time on them, than your other occupa- 
tions will allow. Negleft not the improve- 
ment of your body; yet purfue it in fuch a 
way, that it may tend at the fame time, to 
promote the improvement of your mind, in- 
ftead of being injurious to it. Mental and 
corporal exercw fliould be employed alter- 
nately to relieveeach other:' fuppofe we try, 
therefore, whether we cannot find fome em- 
ployment for the mind in a confideration of 
the bodily exercifes, with which you have 
juft been amufing yourfelf. 

" For example, you are bigger and hea- 
vier than Charles 5 cannot you tell me, from 
the law of equilibrium with the lever, which 
I lately explained to you, how the board 
fliould be placed upon it's fupport ? Sup- 
pofe yourfelf to weigh fifty- five pounds, 
Charles only forty-five, and the board to be 
ten feet long.- ' ' 

JP. " The weights are both divifible by 
five, : and, ' when divided by f\\e, *rc to «si^ 
other as eleven tb ''nine. Accdk^Ste, ^° ^^ 
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CHAP/ XXIV. 



THE. SWING. 




William. "O, that is a rope fattened at both 
ends to a beam, I feat myfelf upon it, Charles 
Hands behind me, gives me a puflii and fo 
tfgoes on, forward and backward."" 

Father. " Your ' O,' which, by the by, I Can- 
not commend as- an exordium, feems to imply, 
that- there is nothing remarkable in the cafe: 
but let me afk you, why does it go on, as you 
fay, backward and forward? Or rathdr, why 
does it not continue to go on ? for, if Charles 
did not repeat his pufhing every now and then, 
the vibration of the fwing v*o\A4 foyn. «aSs» 
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And, laftly, how can a perfon fwing himfelf, 
without receiving any pufti from another ? M 

William appeared to be puzzled by thefe 
queftions, and looked as if he felt, that he 
had been a little inconfiderate at the outlet. 

F. " We -will fuppofe O W, in the draw- 
ing I have made, to reprefent the fwing, 
made faft to the beam above in O. If Charles 
pulls you backward, this mud be' in a feg- 
ftgent of a circlej fay W A ; and when he has 
pulled you backward to A, the fwing will be 
in tlie pofrtion O A. When you are at A, 
your Body will . gravitate perpendicularly 
downward. This power of gravitation we 
wiU.exprefs by AD, and refolve into two 
others*. A C, in the direftion of the rope, 
and A B, at right angles with it. What 
now do you perceive in thefe ?" 

JV. " The power A C will be deftroyed by A 
the refiftance of the rope: the power AB 
will fet it in motion." 

F. " Right; for the latter a£ts in the di- 

Te£Hon the fegment of the circle has at this 

place. Accordingly, if you were not to be 

pufhed forward, the power of gravitation 

.would fet you in motion, *tv<\ \\\\& \^Cv^ 

gravity, A JB, would be to tYvs, *£w&> ^ 
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that exerted in falling freely, as A B to AD, 
by the principles of the inclined plane. 

" But will the power A B be the fame 
quantity in every part of the circle from A 
to W ?" 

IV. " I think not. It will grow lefe and 
lefs." 

F. " Certainly. For when you have ar- 
rived at I, if we take the abfolute gravity 
I M equal to A D, IK muft* reprefcnt t 
relative gravity, which will be obyioufly le 
than A B. And when you have reachtd W, 
where the rope hangs perpendicularly) ]fthat 
will the relative gravity be ?" 

IV. " It mud be nothing : for tbe ftbfolut* 
gravity will be completely deftroy^l jbjr tbo 
refiftance of the rope/' 

F. " So then no power remain*, to propd 
the rope farther ?" 

W. 4< No: for it has entirely vanished at 
W." 

F. " What then, will the motion fud- 
denly flop, and the fwing remain at reft in 
tbepofitionOW? 

W. " No; that cannot be", for I know 
by experience it will go a ^y«X d«L {aether 
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the other way, and then come back again ; 
but I do not know why." 

JF. " When your body has reached W, 
muft it not have acquired a certain velocity 
from the preceding motion ?" 

W. " I did not think of that, but I un- 
derftancl it now. Though the power of gra- 
vitation cannot adt upon it any longer at W, 
yet it will continue in motion from the velo- 
city it has acquired in paffing from A to W." 

F. " And how (hall we determine this 
acquired velocity ? 

" You fay nothing: well, I will tell^ou. 
We muft confider this fegment of a circle as 
an inclined plane, for it is the fame thing, 
whether the body be confined to this path by 
an inclined plane down which it rolls, or by 
a rope to which it is fufpended ; and we may 
conceive this fegment of a circle as confiding 
of an infinite number of (hort planes with 
decreafing inclinations. 9 \ 

W. u Then the velocity, which the body 
has at W, will be exadtty equal to what it 
would have acquired in felling perpendicu- 
larly as far as W is below the line A E. 
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/'. " Confequently the - body will proceed 
with this velocity in the fame curve from W 
toward E But now the power of gravitation 
acts counter to it's motion ; and this the 
more, in proportion as it's diftance from W 
is incrcafed. What follows from this ?" 

W. " The body will continue lofing more 
and more of. it's velocity." 

F. " Till it is entirely annihilated ; which 
will be when it has arrived at E* through the 
curve W E, which is equal to A W, through 
which it defcended. For, you will obferve, 
the ad ion of ^gravitation will be precifely 
equal in both curves, but in oppofite direc- 
tions; fo that the velocity, which was ac- ' 
quired in the curve A W, will be again loft 
in the curve W E, which is exaftly equal, 
to it. 

" What is the law that we have now dif- 
covered?" 

W. " Bodies alcead in curves . equal to 
thofe, through which they have defcended." 

F. " But is not the body atJE in the fame 
fituation as it was in before at A?" 

W. " Precifely." 

/: " What follows ftotntVA&V' 
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IV. " It will fwing back again from E 
to A-" 

F. " And then again from A to E, and 
fo on. Now you know why it continues to 
go on backward and forward, do you not ?" 

W. (With a fmile.) " I believe I do: and 
perhaps J could now anfwer the fecond 
queftion, why the motion ceafes, if a frefli 
impulfe be not given to the rope every now 
and then. The caufe of this, I fuppofe, is 
the refiftance of the air/' 

F. "Your iuppofition is act amiis; for 
.this mud continually Operate to retard the 
motion, and is fufficient of itfelf to put a 
flop to it gradually. But belide this, the 
fridtion of the rope againft the beam, and it's 
not yielding perfectly to the motion at the 
top, where it mud bend a little in fwinging, 
contribute fomething to retard the ipovement. 

" My third quelhon, how a perfon can 
iwing himfelf, wc will confider another time. 
At prefent let me a(k you, are the vibrations 
quicker when the rope is longer, or when it 
is Ihorter ?" 

William knew from experience, that with 
.a long rope the vibrations \nws- fto\*sx x^NaxL 
.with a fhort one. 
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F. <c If, then, we would have a rope fwmg 
with double the velocity of another rope, 
how much fliorter mull it be ? f • 

W. " As (hort again." 

F. " No, no, William ; that would -not 
do : it mufl: be four times as {hort. You 
fhall fee it proved by experiment : at prefent 
I cannot give you a general demonftration of 
the problem, 

" See here is a leaden ball, fufpended by 
a ilendcr line, three feet long, which I will 
fet in motion. Take my ftop-watch, and 
obferve how much time it takes torvibrate 
backwards and forwards : you will find it is 
juft one fecond in vibrating either way . This, 
therefore, is a fecond pendulum. 

" Here is another pendulum, only a fourth 
part fo long, or nine inches. Compare their 
vibrations, and you will find, that this makes 
exadlly two, while the former is making one. 

" This little pendulum, which is only 
four inches long, you will find, makes three 
vibrations, while that of three feet, which is 
nine times as long, makes one. 

<c Now, I fuppofe, you yourfelf can tell 
the law according to w\\\c\\ \hefe *&" 

5 
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W. " The lengths of the pendulums are 
zs the fquares of the times in tohich they 
vibrate" 

F. " Exa&ly. Of this I fliall fome time * 
or othdr give you a demonftration. 

" Pendulums are of great ufe in common 
life; chiefly for regulating the motions of 
clocks and rendering them uniform. To 
this pufpofe they were firft applied by Chrif- 
topher Huygens, in the year 1657." 

W* " I have long had it in my mind, fa- 
ther, to afe you to (how me how clocks are 
made. 

F. " With a great deal of pleafure, Wil- 
liam : and I 'will take fome early opportunity 
of doing it; for I am glad to find, that this 
"ingenious and ufeful machine has engaged 
your attention/* 



CHAP XXV, 

SOMETHING NEW ON THE SUBJECT Of 

SPIDERS. 

" Tims filthy fpiders" faA C»&\t*<» 
{weeping down fome eobwtb* w&v *\sva£s> 
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c< arc fpinning their webs in every corner, if 
we be not continually deftroying them." 

" You do not like to have them in the' 
houfe, Caroline/* faid her father : •** and, it 
muft be owned, cobwebs, are not very ?con- 
iiftent with domeftic cleanlinefs. . -Yet, 
would you luppoie it, 'there are people, who 
take a pleafure in having a number of fpiders 
about them." 

C. " How can any perfon delight in fuch 
vigly .creatures !" t . ■ 

F. " Nay, at the lols of a fpider a nian 
has felt fo much, as to endeavour to put an 
end to his own existence; and what is more, 
a fpider has decided the fate of thoufands of 
men, and of whole countries." 

C. " If any other perfon told me fi>— " 

F. " You would not believe him. If, 
however, my children, you have any wiQi to 
hear ibmcthing both important and amu- 
fing refpefting thefe ugly, filthy creatures, 
as you, Caroline* and many others call them, 
I will relate to you fome facts, at which you 
tfrill hot be a little furpriled."' 

<c O tell us all about them !" exclaimed 
both William and Carotid together, "we 
like to iiear fuch things" 
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F. " A nobleman in France, I think it 
was a count of Lauzun, was condemned to 
a rigid imprifonment. Cut off from all hu- 
man fociety, and allowed no means of di- 
verting his folitude, he made a companion of 
a {pider, who had (pun her web in a corner 
of his celt He at length familiarized her fo 
far, that fhe would come upon his hand, and 
eat from it a portion of his food, which he 
gave her. The jailor, totally devoid of 
feeling, thought this too great an indulgence 
for the unfortunate prifoner, and crushed the 
fpider to death. The count, thus bereft of 
all occupation, and deprived of the only 
living being about him, in a fit of defpair 
dafhed his head againft the wall, and would 
have beaten out his brains, had he not been 
prevented," , 

" Poor man ! Execrable jailor! 19 exclaimed 
Caroline and William. 

F. " I will now relate to you. another 
anecdote of ap$qner, more recent, but lefs 
tragical. In the year 1787, when the Pruf- 
, fian army entered Holland, under the Duke 
of Brunfwick, Quatremere' Disjonval, an 
adjutant-general in the dvxteU 'fame*, nJw* 
had taken part againfit the ftaAMA**^ ^* 

VOL* J. O 
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commotions in the United Provinces, was 

thrown into prifon. Hete he remained till 

1795, when he was rdeafed, on the arrive 

of general Pichegru, at the head of a fitnch 

army. During the feven years of his con* 

finemeftt, he had nothing to amufe him but 

the fptdetfc in his prifon, "which he had fartied. 

He had gathered about him a great number 

t/l thefe, etf 'different fpeeies, atidthe obfer- 

Vations he made x>n their manners and habits 

ttf life alleviated £he itkfomenefe of his fofr 

lli^htitfrsi Hisobfert^tionsonthrsfebj^ft 

%c has "arranged in wdefr, and putaMhed in * 

little - bOok, Willi the title of Arantology. 

.Thefe 'obfervaltions : atie in -ptit new, and 

among othfcr things confute the charge made ' 

againfl: fpfeffers, that theydevottr «» another. 

It is true, they do this fometimes, btit it is 

* only vfrhen they call procure tab other food, 

and are driven to it by neceffity. Thtis 

• 

Iteaumffr, • a celebrated frendi - nattnalifti 
colle&ed together a git^WttriberYtf IpNtasffc 
order to tty whether thefr webs'AfligtrfuWtbc | 
applied to'the putpofe 6f mamrfaftiwesi a* well 
as thofe of die filk^orm. The fpttteh wwe 
to numerous, botireWir, *&«*. xkss[ carold nW | 
%d a fuiSkterit wxtitect fci «*»*»&<** 
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infefts for their food, fo that irt a (hort time 
they were obliged to feed upon one another, 
and thus the hope of obtaining profit from 
their labours was fruftrated. It is a fa£t> 
notwithftanding, that ftockings of great fine- 
nefs and warmth, and of confiderable ftrength, 
have been fabricated from cobwebs. 

" The mod remarkable obfervation of 
our prifoner, Mr, Disjonval, was, that fpiders 
are particularly excellent as prognofticators 
of changes in the weather, being more cer- 
tain than the barometer, giving their indica- 
tions a longer time beforehand, and having 
this advantage to the lower clafs of people, 
that they c6ft nothing. 

J" On the common houfe-lpider, for ex- 
ample, he has made the following remarks. 
Againft fine weather, it peeps out it's head, 
and ftretches it's legs out of it's hole, and 
this the farther, the longer the fine weather 
will conrinne. Againft bad weather it retires 
farther back: and againft very tempeftuous 
weather it turns quite round, fhowing no* 
thing but it's hinder parts to the obferver, 
thus -acquainting him with the approaching 
change of the weather. At the cotunRx&fe- 
mmt of&ac treathcr, the *reb» nu&v ^\v\Ocw 

g a 
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it furrounds it's corner, is but of moderate 
•extent : if the fine weather will be lafting, ii 
enlarges it two or three inches ; and if it d< 
this feveral times repeated, we may be cer 
tain, that the weather will continue fine fa 
fome time. 

4C On the 22d of July, 1795, Mr. Dif 
jonval foretold, from the behaviour of hii 
ipiders, a fortnight beforehand, that th< 
water of the Rhine would fall fo, as to ren- 
der it paffable by a bridge of boats ; and ir 
this manner it was a&uatly pafled. 

€i In winter they are as certain prognofti 
cators of approaching cold. If froft anc 
fnow be coming on, they either feize upon 
webs already made, in which cafe obftinate 
battles frequently enfue, or they make new 
ones, and labour diligently at them. Dif- 
jonval found, &om feveral attentive obferva- 
tions, that, from the firftof the fpiders 
putting themfelves in motion. to the fetting 
in of the froft, nine days generally elapfed. 
We have a ftriking inftance of the juftice ol 
this observation in the beginning of February 
'793* The weather was fine, warm, and 
there was no fymptom oi *vV tc ^^^k^ 
It might have beca faflpefe^ tafc'taftina 
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be no longer required : but on the 4th of. 
february, Mr, Disjonval announced, that a : 
great alteration in the weather would fooa 
enfue, as, befide other remarks of a fimilar 
kind, he had feen three fpider's webs, one 
over another, in a place where there was not 
one the preceding evening. On the 9th of 
february there ^was ice, and by the 13th all 
the canals were frozen over. It was now pro- 
bable* that with the breaking up of this frofl 
the winter would terminate. This was the 
opinion of Mr. Disjonval himfelf • and he 
felt no fmall fatisfadtion, in having been able 
to. foretel the freezing of the canals to a 
whole town, when fuch a circumftance was 
leaft expedted. A complete thaw in fe6t 
came onj but on a fudden he obferved, con- 
trary to all expe&ation, a general buftle 
among his fpiders on the laft day of fe- 
bruary, . They ran backwards and forwards, 
began to fpin webs diligently, and attacked 
one another. Hence he inferred, that fome 
remarkable change was taking place; and 
that very dry weather at leaft, if not very 
cold, would enfue. This conjecture he an- 
nounced to the principal bookfeltex vs\ \Ss& 
town, and through him to the ^\ftX\c. ^^ 

g 1 
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days after it rained, which feemed noway 
favourable to his prognoftication ; and this 
rain continued for five days, fo that the va* 
lidity of his predi&ion appeared daily more 
queftionable. Still, however, attentive to 
the proceedings of his fpiders, he wrote 
every day to the fame bookfeller, telling him 
he continued firm in the perfuafion of the 
approach of cold or dry weather. On the 8th 
of march it blew hard ; on the 9th it fnowed 5 
and on the 1 oth the froft was fo (harp, that 
all the canals were frozen over again. 

" The greateft and moft ftriking inftance 
of the importance of thefe obfervations, and 
the dependance that may be placed on pre- 
dictions refpedting the weather from them, 
is the conqueft of Holland by the french in 
the winter of 1794-5. DisjonvaPs keeper 
was inclined to the patriotic party, and in 
confequence treated his prifoner with lefs 
ftridtnefs. Through his means Disjonval 
gave notice to the patriots, that a hard 
winter would enfue, which would render all 
the rivers and canals paffable on the ice. 
The taking of the town by the french af- 
fordcd him the only \\opo, o? \»Yfc%sraML-\ci- 
patcd from his long impuforosiwvv. vitoa^ 



THE PLEASING PRECEPTOR. wj 

be fuppofed, .therefore, that he obfenred his 
fpiders with the utmoft care and attention. 
In the beginning o£ december he; heard,, to 
his great ^larm, th^t the people talked of a 
capitulation, which would have annihilated 
his. hopes at once. He ufed every means in 
bis power* to make known, that, from the 
operations of his fpiders, a very feverc froffc 
vould inevitably, come on, and this within a 
fortnight at fartheft. The people gave credit 
to his prediction, did not capitulate, and on 
ihc 29th of december the firoft was fo bard, 
that the french were able to pafs the Waal* 
IThc ariftocratic party flattered themfelves, 
wtwithftanding, that the frofl would fooa 
Dreak up, as on the 12th of January the 
irater rofe, and was turbid, which was con* 
idered as a certain indication of a thaw. 
Disjonval, in the mean time, wrote from his 
)rifon to the editor of the Utrecht gazette, 
;hat, before three days had elapfed, a more 
ievere cold than the former would take place* 
On this occafion the fpiders proved incom- 
parably better prophets than the turbid water; 
>n the 14th of January the wind rofe, on 
:he 15th it froze, and on the \fo\\ \ta&tafej&L 

* 4 
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entered Utrecht $ thus the prifoner regained 
his liberty. 

" He continued carefully to obferve the 
fpiders he could find, in order to give the 
french general frefli information, which was 
of fuch importance to him in .this daring en- 
tcrprife. On the 20th of January a fudden 
thaw came on. The general was alarmed for 
the fate of an army r>f a hundred thoufand 
men, with a train of artillery, and began to 
think of a fpeedy retreat. But Disjonval 
had recourfe to his fpiders, and they foretold 
froft. He fent a couple of thefe little pfo-^ 
phets to the french general : they were cre- 
dited, their prophecies were fulfilled, and the 
french conquered Holland. 

" Such a ftriking circumftance induced 
the french executive dire&tS^ r to inftitute 
an inquiry into ■ this hew branch of know- 
ledge; obfervations will be made, moft pro- 
bably, in other countries; and thus thefe 
odious fpiders may be found of great import- 
ance in meteorology, and confequently of 
great ufe in common life." 
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CHAP. XXVI. 



THE TREE FROG. 



While we are on the fubjed of prognof- 
ticators of the weather, it may not be amifs 
to mention two other animals, which poflefs 
this remarkable and ufefol faculty of fore* 
telling changes in, the atmofphere, by their 
a&ions, with tolerable accuracy. One of 
thefe is the dog. When dogs eat grafs, we 
commonly infer, that rainy and itormy wea- 
ther will come on. But the tree frog, or 
green frog, is much more diftinguifhable for 
this faculty j on account of which it is kept 
in glaffes* in many parts of Germany, as we 
keep gold-fiflb, and fed with live flies. Of 
this frog I will give you fome account. 

The tree frog is diftinguifhable from other 
fpecies by it's form, voice, and mode of 
living. It is of a fmall fize, grafs-green co- 
lour, and has four little round warts, or 
knobs, on the fore-feet, and five on 
the hind-feet. The. hind-feet only arc 
webbed* and not more than Yw^-^vj \v£ ^^ 
toes* yet > which is remaik^W \\> *wem 
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fafter thail mod other frogs. The fkin under 
the throat is pendulous, or hangs loofe ; but 
more fo in the male than imthe female. By 
means of the warts on the toes it can adhere 
to the fides of the glafs, or other fmooth 
furfaces ; and in this it is a (lifted by the fkin 
of the throat, which likewife it flicks, as it 
were, to the glafs. This adhefion to a fmooth 
perpendicular furfece may be owing to two 
caufes. The whole body is covered with a 
kind of flime, and a gltttinous moifture 
ttygles from the warts, by means of which it 
may ftick to the glafs by cohefion. The 
preflkre of the air is probably another caufe: 
" for, that this cohefion alone is not the caufe, 
that enables the frog to ftick to the glafs, is 
evident from the circumftance, s that the frog 
cannot ftick to the fides of the receiver of ail 
air-pump, when the air in it is rarefied, but 
always falls down. Hence it appears, that 
the warts on the feet aft as thofe fuckers, 
with which boys lift up ftones. With one 
of thefe warts fingly the frog can fix itfelf to 
the cover of the glafs, fo that it's whole body 
hangs fufpended from it. j 

The voice of the tree ito^ \\a& nwj little I 

re/embfonce to the ctodw&fc <& tftow V^wa^. 
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It confifts in a continued creak, much like 
the rubbing of ablunfi file againft a piece of 
Heel, or the back of a knife againft an earthen 
plate. You may deceive the tree frog in this 
manner, particularly in the evening, fo that 
it will anfwer you with it's voice, when it 
hears this noife. It is only the male, how- 
ever, that emits this found, and not before 
be is three years old. To make this cry, he 
(wells up the ikin of his throat like a thick 
round bladder, the fides of which fhrink in, 
while he forcibly exprefles the air from it. It 
is commonly in the evening after funfet^hd 
in the morning at day-break, that this cry 
is heard. 

Thefe frogs inhabit moft parts of Europe, 
though we have never heard of one found in 
£nglapdL When they are at liberty, they 
abide in the water during the fpring ; but in 
fommer they live moftly on the land, climb- 
ing up trees, and feeding upon infe&s. In 
winter they bury themfelves under ground* 
and remain torpid as long as the cold weather 
continues, In a glafs, however, in a warm 
parlour, the tree frog will remain for weeks 
fixed to one {pot, and can live two oc thtec 

months without food. IfafotAita^***- 
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into the glafs, the frog catches it with a leap, 
which is fo well aimed, that it fixes itfelf to 
the glafs at the fame time with all four feet. 
A dead fly it will not touch : and it never 
leaps after a Ay, that remains without moving, 
but fits ftil), watching it with fixed and 
flaring eyes. The moment the fly begins to 
move, the frog fprings on it with extfaordi- , 
nary agility and certainty, and fnaps it up, 
ufing for this it's thick rough tongue, rather 
than it's lips. It eats fpiders, and other in- 
feds, like wife; and may be deceived with 
ot)jfc things, that look fomewhat like infefts, 
if they be fet in motion. Thus if a piece 
of a prune be faftened to a horfe-hair, and 
moved a little, fo as to have an appearance 
of being alive, the frog will leap at it; which 
it would not, if the bit of prune were laid 
down, or held (till. 

The remarkable fenfibiKty of this animal 
to changes in the weather renders it a kind 
of barometer, and we may frequently find 
it's intimations deferve more confidence, than 
thofe of the rifing or falling quickfilver. 
When the tree frog^ dives into the water at 
the bottom of the g\a(s> vie may be pretty 
certain* that it will rain foon. ^Vk v\ \waaav 
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long in the water, the rain will continue fome 
time. During the continuance of the wet 
weather, it will abide principally in the water, 
ahd be tempted to leap out' of it only by a 
fly, or fome other prey. If the weather be' 
very T)ad, the frog will be reftlefs, or lie 
ftretched out as if dead on the bottom of the 
glafs, or appear convulfed. On the other 
hand we may expeft fine weather, when the 
frog attaches itfelf firmly to the glafs above 
the furface of the water, or climbs up a little 
ladder, that is placed in the glafs. The cry 
of the male, too, denotes dry and fe 
weather. 




CHAP. XXVII. 

OF THE RATTLESNAKE. 

Most of my readers, I prefume, have 
heard of the rattlefnake, of which fo many 
wonderful things have been told. It cer- 
tainly deferves notice : and it is alfo proper, 
that the fabulous accounts given of it fhould 
no longer be allowed to pafe o\\wcOu \s*> 
all things truth Ihould b& o\xi saxn, wA ^w 
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(hould never werftep its limits on any ac- 
count. Is it not abfurd, to recur to feble 
for the marvellous, whea there is fo much 
to excite our wonder and admiration in the 
plain fa&s, that nature exhibits to our ob* 
fervation ? 

This terrible animal is an inhabitant of 
America, and frequents woods and moraffes* 
There are different fpecies of it ; fome 
blackiflh, others of a reddiih yellow colour, 
others of a yellow red, and brown, ftreaked 
with black lines. They differ in fize like- 
wtjl the largeft growing to the length oT 
eight feet, and the . thick nefs of a man's arm. 
- This genus of fnakes is difttnguifhed from 
all others by the rattle at the end of the tail ; 
which is of a brownifh colour,, confifts of 
feveral horny joints, moveable on each other ; 
and makes a rattling noife when the (hake 
moves, whence it derives it's name. 

The bite of the tattlefhakc is extremely 
fatal, on account of the ftrong poifon which 
it inftils into the wound k makes. This 
poifon is contained in a fmall bladder be- 
neath each of the fangs of the upper jaw* 
Mod is coUcfted there in the. to^ft. quantity, 

mbcB the animal is irritated* TVaA^^vr 

4 
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hollow, and have a fmall aperture, through 
which the poifon paf&s into the wound. 
This poifon kills the largeft beads, as a 
horfe, or an ox, almoft inftantaneoufly. If 
a man have the misfortune to be bitten by 
one of thefe fnakes, he has little chance for 
recovery, if the wound be not prefently cau- 
terifed with a hot iron, or fome cauftic ap- 
plied to it, which is ftill preferable. The 
negroes make ufe of the cautery for the pur* 
pofe. There is nothing appears externally 
in the part bitten, except a couple of little 
holes like flea-bites, into which the ^p 
have penetrated. But a fwelling foon comes 
on in the part, and fpreads inceffantly, till it 
Occupies the whole of the limb, and at length 
extends over all the body, the tongue grow- 
ing fo thick, that the pafiage of the throat 
is flopped up. Immediately after the bite 
the perfoR feels an uneafinefs, which gra- 
dually increafes, till at length a mortal 
anxiety corner on, with burning thirft, and 
terminates in a lamentable death, if timely 
recourfe be not had to the proper re- 
medies. 

The jx>ifon of the feake, tommx* \* «&*> 
£nedto the two fimgs tkext Y*v&S>*» h*» 



j 3* THE PLEASING PRECEPJQR. 

knee in any other part of the body. The 
flelb is nutritious, and well-flavoured, and 
is eaten by the Indians without injury/ To 
obtain it they approach the animal behind, 
and ftrike it dead. 

The rattlefnake is particularly noted for 
the "manner in which it takes it's prey. 
Much that is erroneous has been faid upon 
this fubjed, and a power of fafcination has 
been afcribed to the animal. That it's prey 
very frequently afts as if fafcinated, is true ; 
but this arifes from another caufc. The 
(hake does not chmb up trees, but 
frequently fearches among the low btifhes 
for young birds. When the mother-bird 
finds her neftlings in danger, her affedion 
for her young prompts her to their defence, 
Hie flutters about the fnake, attacks it 
with her beak and claws, retreats a little 
from the danger, and almoft inftantly returns 
to the attack. Sometimes ihe is fuccefsful, 
but often (he becomes the vidtim of her 
maternal heroifm, and the fpe&ator, who 
has feen her apparently fly into the mouth 
oftheferpent,afcribes it to fafcination. Some 
of you may have read this very circum- 
&WCC defcribed by Hohvw> vftva >*w> ^ ^.vj 
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accurate obferver of nature, above 2000 
years ago, in the fecond book of his Iliad, 
I.310. 

It is not improbable, too, that the effluvia 
of the animal may have a ftupifying effeft 
on fome animals, at lead within, a certain 
diftance : for we are told by Dr. Michaelis, 
a phyfician at New- York, that once, while 
he was making a courfe of experiments on 
the poifon of -tKe rattlefnake, he felt him- 
felf ftupefied by the effluvia of one, as if he 
had been in a (late of intoxication, fo that 
he threw himfelf on his bed, and was h^HP 
hour before he completely came to himfelf 
again. 

There are inftances related, likewife, the 
truth of which we have no reafon to ques- 
tion, of perfons, who, on feeing raitlefnakes, 
have been fixed .to the fpot, fo that they 
could not run away. This, however, mud 
be afcribed to the power of imagination. A 
man, into whofe mind this belief of their 
power of fafcination had been inftilled, fud- 
denly perceives a rattlefnake near, with his 
eyes fixed upon him. Is it wonderful, that 
his unfortunate prejudice, atvA \\\& Sxv^pfc. 
with which he is confequcntVy fe\ze&* ^>\££ 
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prevent him from making any attempt to 
cfcape, when he firmly imagines, thje attempt 
would be vain ? Such a man has been faved 
by his companion, whole imagination was 
kfs powerfully imprefled by the idea ; and 
made to feel, that nothing was wanting to 
enable him to flee, but the exertion of his 
will. In all fituations of danger, men who 
confider themfelves as loft, either make no 
attempt to efcape, or know not how to ef- 
fect it. This is what we call want of pre* 
fi^e of mind : a valuable quality, the ad-» 
VBges of which, as well as 'the mifchiefe 
arifing from falfe impreflions, are obvious in 
the inftance juft given, and in numbcrlef* 
occurrences of common 1 life. 



CHAP. XXVIII. 

SINGULAR ACCOUNTS RESPECTING TOADS* 

# 

To go on with thefe odious creatures, as 
too many inconfiderately call them, we (hall 
pafs from fpiders, frogs, and fnakes to the 
toad. 

Toads are held in abYvotrtxvc^ \yj feveral 
per Cons -, and fame axa fo \xvuc\\ *£tiA <& 
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them, that the fight of one is fufficient to 
make them run away, or even faint. Very 
few, indeed, have courage to handle the m. 
It mud be owned, their appearance is not 
very engaging; they are foft, llimy, and 
filthy, to the touch $ they live in wet, low, 
marfhy, dirty places ; have a flow, crawling 
motion ; and from thefe circumftances pro- 
bably they are commonly reputed venomous.. 
I confefs myfelf, I like the lively flit- 
ting redbreaft better than the crawling, du/ky 
green toad ; yet this animal is unqueftionably 
innocent of the poifonous qualities afcriflU 
tq it, as many have proved by repeated ex- 
periment. It has no fangs, to inftil venom 
by it's bite : the-glutkious juice, that exudes 
from the warts or pimples on it's fkin, is not 
poifonous, for toads have been repeatedly 
handled without injury, and quacks have 
exhibited the difgu fling trick of fqueezing 
their juices into a glafs, and drinking them 
with impunity; and in the fame manner it 
has been proved, that it's urine is equally 
innocuous. The moifture it preferves in a 
particular bladder has been fuppofed by 
fome tp bepoifon; but Mv.To^^W*^> 
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has very accurately examined thefe animals 
has found it to be nothing -but clea 
water. 

The toad is capable of being domefticatec 
and rendered very tame- and familiar, a 
gentleman was accuftomed to feed a toa 
regularly for fix and thirty years, and ever 
evening, as foon as the toad faw the cand 
lighted, it would come to the table* i 
order to be lifted up on it for it's fupper* coi 
filling of the maggots of the fle(h-fly f whic 
were it's favourite food, and various kin< 
dpfeifefts. Thefe it would follow, an 
when within a proper diftance, would fix it 
eye, and remain motionlefs for near a qua 
ter of a minute, . as if preparing- for tl 
ftroke, which was an inftantaneous dartir 
it's tongue to fome diftance upon the ii 
fed, which. ftuck to the tip by a glutinpi 
matter. This motion of the tongue 
quicker than the eye can follow. The to* 
here mentioned was called the old toad 1 
this gentleman's father, when the gentlema 
firft knew it, and at laft it's death was o 
cafioned by an accident, fo that it mud 1 
a pretty long-lived auiaial. 
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Indeed what is mod remarkable in the 
toad is it's tenacity of life. Live toads 

have been found more than once enclofed 

« 

in folid Hone, or wood, which muft have 
grown round them, and in which they muft 
neceflarily have been confined many years. 
The following are a few inftances of this 
kind. 

A laqge block of ftone was feparated from 
a quarry in Sweden, and as one of the work- 
men was hewing it into (hape, he found with- 
in it a living toad. It's back was dulky, and 
a little fpotted, it's belly of a fome#ffet 
lighter colour, and the whole body was in a 
manner inc rutted with little fragments of 
ftone. The «yes were fmall, round, yellow, 
and covered with a tender tranfpirent fkin. 
The aperture of the mouth, too, was clofed 
by a yellowifh ikin ; but beneath this, in 
each jaw, were found two (harp teeth. It 
made fcarcely any motion, except that it 
clofed it's eyes when prefled gently on the 
head with a ftick. On being prefled hard 
on the back, it emitted fome cold water, 
and prefently after died. . The men attempted 
to cut out the piece of; ftoiK* \n ^asSfc^s* 
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m' 
m 

figure of the toad was imprefled, but it 
crumbled to fand. 

In the year 1 7 64, a live toad was found 
in a quarry in Lorrain, fifteen yards below 
the furface of the earth ; and the quarrymen 
affirmed, that it was the fixth found there, 
enclofed in the ftone, within the period of 
thirty years. ^.^' 

In the year 1771, a wall was pulled down 
in France, which was known to have ftood 
above a hundred years. Enclofed in the 
mafonry a toad was found, not alive it is 
tftie, but to all appearance very lately dead. 

In 1719a toad was found in the root of 
an elm, which was as thick as a man's body. 
The hole it occupied was exa&ly the fize of 
the toad, and when the wood was cleft it 
crawled out. On examination, no chink or 
aperture could be difcovered, through which 
it had entered. 

In 1 73 1 a fimilar circumftauce occurred 
in an oak of ft ill larger fize. 

In 1 780 a live toad was found fti the trunk 

of a large oak, fifteen feet from the root, fo 

^rown in as to be completely furrounded 

with folid timber. It *a& •fcoari*. Vrj t*R 

uxc in hewing the wood, ^^1 && wmtfe* 
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and appeared to be very old and feeble. The 
timber round it was perfe&ly found, with- 
out any hole. or chink. 
•" ' Thefe inftances occurred in France ; the 
following more recent was in Germany. 

On the 26th of december, 1795, as fome 

quarrymen were cutting a very large ftone 

into (mailer blocks, they kund in it three 

live toads, two large and one fmaU, in an 

oblong hole, varnilhed over internally with 

a yellowi (h -brown matter. No other hole 

was perceptible in this ftone : there was no 

appearance of any communication between 

this cell and the external air : and the (lone 

near it was equally hard as in other parts. 

They were not willing to quit this hole, in 

which it is impoffible to fay how long they 

might have rcfided; and whdn they weifc 

driven out, they leaped «a again. At length, 

feeing forced upon the neigbouiing grafs, they 

hopped about brilkly, and were not feafify 

fcept together* btt dn the icowrfc of half an 

hour they all died. ^ 

Inftances of Imag toad* inducted in ioM 

fane have ottumd ia tdifterettt patfta mS 

England like wtfc V- 
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From the instances related above to 
happened in France, Mr. Heriflant, a fi 
naturalift, was induced to make the fo 
ing experiments. 

On the 21ft of february, 1771, he 
three live toads, and enclofed them 
deal box filled with plafter of Paris, ea 
a feparate hole, the plafter of Paris t 
powdered and wetted, and covering 1 
on ail fides to fome thicknefs. On the 
of april, 1 7 74, which was more than 1 
years afterwards, he opened the box. 
middle one, which was the largeft, he f< 
dead, perhaps becaufe it was too tig 
jammed in : the other two were alive 
well. 

In what manner can thefe fmgular 
be explained ? How the toads in the 
mentioned above got into the ftone, or w 
how long they lived there, and on what 
lived, are queftions not eafy to be folvc 

With regard to the firft, it feems fcai 

fbfeeptible of any other ahfwer, but that 

*gg muft have fallen accidentally into 

matter, that compofed the ftone, while 

i?3B Still foft * or into \lv& *»&**& it bega 
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fprout form the feed. Form this egg the 
animal was gradually developed, and grew, 
while the fubftance that furrounded it yielded 
to it's extenfion. 

In the ftone, indeed, it might be fup- 
pofed, that the animal had attained it's full 
growth, whfen it was firft enveloped by the 
foft matter, that afterwards hardened into 
ftone ; but in the cafes of trees this fuppofi- 
tion feems inadmiffible. 

As to the fecond queftion ; how long have 
thefe toads remained in their holes ? we can 
only fay, from the time when the ftone was 
a foft mafs, and the tree firft began to grow. 
But when we refleft on the length of time 
an oak takes in growing up to a large tree, 
the age of the animal muft aftonilh us. It 
feems fcarcely credible, that an animal ftiould 
remain motionlefs for a hundred years or 
upwards," during which it could neither em- 
ploy it's feet in walking, it's mouth in eat- 
ing, nor it's eyes in feeing; yet there is little 
reafon to doubt, that this muft have been 
the cafe. It is furprifing too, that an ani- 
mal, which had continued fo long without 
moving, (hovld have the c&pacvVj <& x&s*^ 
it's feet, and know how to ufe \\&o\« 
vol. /. H 
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Of nutriment the animal would have little 
or no need, probably, in fuch a lituation, 
As in moft of the mftances there was no 
room for any thing to be diflipated, do frefli 
fupply would be wanting. The trees too, 
in which the toads were found., could not 
be deficient in moiflure while green. 



V^CHAP. XXIX. 

THE MONK'S GHOST. 





There are few of my readers, I fuppoft, 
who have not heard of ghofts and appari- 
tions : though as knowledge is more gene- 
raXly diffufed, and people ate become lefi 
fuperflitious, itories of i\ws VXnA. w.\s^-w 
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ns fo frequent as formerly. Some of the 
i!!ces,that have been related, have exifted 
r in the lively imaginations of timid 
pie; or have been abfolute fiftions, 
ned for finifter purpofes. Others have 
n real, but without any thing fuper- 
ural in them. The fight and hearing are 

two moft ufeful of our fenfes, but at the * 
ie time moft liable to be deceived, parti- 
arly the fight. The cifcumftancc I am % 
ut to relate would, no doubt* have ter- 
*d an ignorant and fuperftitious man, and 
bably have circulated as a true narrative 
an apparitioti : happily it occurred to a 
n free from fu perdition, and well fkilled 
natural philofophy. 

Mr. Schmidt, mathematical teacher at the 
ool of Pforte, near Naumburg, which had 
merly been a cloifter, once happened to 
ake fuddenly, as the morning began to 
wn. On opening; his eyes, he beheld 
th aftonifhment a monk, ftanding at the 
>t of his bed. Looking at him ftedfaftly, • 

appeared to be well fed ; and his head, far 
>m fmall, was funk a little between a pair 
very broad fhoulders. The cWmW ^va& 
Sciently /ecured ; Mr. SdvmvdX. «\ot^ ^$S- 

h 2, 



f4 S THE PLEASINQ PRECEPTOR. 

in it ; and he was very certain, that no 
would attempt' to put a Jtrick upon bin 
jeft. He knew, alio, that no part of 
clothes, or any thing elfe, was hanging 
his bed's foot. 7he figure exadtly ref 
bled that of a monk, clothed in a w 
furplice, the falling folcfs of which were 1 
ckarly to be diftinguiftied. 

Had an ignorant and timid man bel 
this appearance, he would probably have 
vered himfelf up with the bed clothes, 
fifmly maintained, that the ghoft of a m 
had appeared to him. As the fchool had 
merly been a cloifter, many monks had t 
buried both in the church and church-y 
and it was currently reported among 
vulgar, that the . place was haunted. A 
fuch an evidence, therefore, the report wc 
have been confidered as true beyond 
controverfy. 

Mr. Schmidt, however, was neither ig 
rant nor timid, and he immediately con 
tured, that his eyes were deceived^ tho 
he could not imagine in what manner, 
raifed himfelf up a little in his bed, but 
apparition did not mo\e > Y«, otvVj Caw foi 
, what more of it, and the io\&s> <& \k& 
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lice were ftill more confpicuous. After a 
ttle while he moved toward the right, yet 
ne apparition remained, and he feemed to 
ave in part a fide view of it ; but as foon 
s be had moved his head (o far as to have, 
flight glimpfe of the bed's foot, the appari- 
ion retreated backward, though ftill with it's 
ace to the bed. Following the apparition 
[uickly with his eyes, it retreated with 
peed, fwelled as it retreated to a gigantic 
arm, a ruftling noife was heard, and — — at 
►nee the apparition was changed into the go- 
hie window with white curtains, which was 
ippofite the bed's foot, and about fix or feven 
?et diftant from it. 

Several times after this Mr. Schmidt 
tndeavoured, when he awoke, to fee the 
ame appearance, but to no pujrpofe, 
he window always looking like a window 
>nly. Some weeks after, however, on 
iwaking, as day began to dawn, he again 
perceived the monk's apparition at his 
Ded's foot. JBeing now aware what occa- 
joned it, he examined it narrowly. The 
yreat arch of the window formed the monk's 
[boulders; a fmaller arcV\ vtv \Vve ctsto*. <& 
bis, bis head ; and the cvftt&\t»* ^* S^- 

* 3. 
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plicc. The folds of thefc appeared r 
ftronger, than they did at the fame dift 
by daylight. Thus the figure of the ir. 
appeared plainer, nearer, and fmaller, than 
window would have done. 

But you will afk, why did it appear 1 
To this qucftion, by the help of the cut 
fliall probably be able to give you a fat. 
fa&ory anfwer. 

Let the eye of the obferver be at O. . M 
Schmidt himfelf confeffes, that he is fome- 
what nearfighted, that is, incapable ofdiftin- 
guifhing objefts plainly at a diftance. Now, 
fome preffure upon the eye, or probably the 
moifture coile&ed upon it, or fome other 
caufe, had brought the eye to fuch a ftate 
during fleep, that it was capable of diftinft 
vifion, or feeing objedts diftindtly at a greater 
diftance than ufual. That this was the cafe is . 

clear, becaufe the foldsof the curtain appeared 

■j 

more diftinttly than common. Accordingly 
the objedt at twelve feet diftance appeared 
with the fame degree of diftindtnefs as in 
ordinary cafes at fix feet, and hence Mr. 
Schmidt conceived the idea of it's being only 
fix feet diftant •, for t\\e c\eaxTK&, mttv which 
i objed is feen, is one oi lV« cftcon&raas 
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by which we judge of the diftance„of an 
objeft. The angle of viiion, A O B, 
under which the window was feen, under- 
going no change, the figure of the monk 
mud have been feen under the fame angle, 
-and as it appeared to be at the foot of the 
bed, it would feem to extend only from a 
to b, and confequently to be much fmaller 
than the window aftually / was, probably 
about the fize of a man. Thus, as the figure 
of the window had"- a confiderable refem- 
blance to that of a monk in a furplice, the 
deception in the faint light of dawn was 
complete. 

Still the apparent retreat of the monk, 
and his growing bigger, as the eye changed 
it's pofition, remain to be accounted for. 
Thefe phoenomena, however, are eafily dc- 
ducible from the fame principles : for, as the 
idea of the fmallnefs of the figure arofe from 
the nearnefs, at which it was fuppofed to be, 
and this proceeded from the unufual clear- 
nefs, with which it was feen ; fo, when the 
eye began to return to it's ufual ftate, which 
was effected perhaps by the change of pofir 
tion, or when, by it ? s being &xe&£& *vs> ^s^ 
'foot of the bed, the Window, ox Sy©*» <* 

H4 
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the monk, was fcen with kfs clearnefs tl 
the bedS foot, the fame impreffion i 
made upon the eye, as if the figure had 
treated from the foot of, the bed j and 
the angle of vifion remained the fame, 
monk mull have appeared to grow larj 
in proportion as he retreated, from a b 
A B. At length, when the eye had retun 
completely to it's former ftate, the wine 
appeared as ufual, and thus the phant 
vanished. The ruftling noife heard at 
time mull have been merely accidental, 
it would have tended more ftrongly to i 
prefs the belief of the reality of the app 
tion on a weak mind. 

CHAP* XXX# 

SOMETHING MORE OK THE SUBJECT 

SWINGING. 

William reminded his father of the j 
mife he made him, which we mentio 
in the 24th chapter, of explaining to 1 
how any one could fwing himfelf, with 
being impelled by another perfon. He 
learned to do it, and wiflbed to know 

principle, on which \v\s \rac&e&&.^ 

founded. 
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F. Ci The whole of the art confifts in a 
"ui table alteration of the centre of gravity. 
tVhen you (wing yourfelf in a common fwing, 
>r in the pendulum fwing as it might be very 
tptly termed, what is it you do, to fet it in 
notion at firft, and gradually to increafe this 
notion V 

W. " I bend my body alternately back- 
yard and forward." 

F. " When you bend your body back- 
yard,. What follows ?." 

W. ." The rope moves a little forward." 

F. " And when you bend yourfelf for- 
ward ?" 

W. " The rope moves a little backward.'^ 

F. "Now, from what you have already 
earned refpe&ing the pendulum, we may 
safily deduce an explanation of this."' 

" At firft the rope hangs perpendicularly 
n the direction C A, p. 112. The centre 
yf gravity of your body, therefore, is in A, 
Dn bending your body backward, the centre 
>f gravity is carried backward, fay to D ; will 
Jie rope now remain at reft ?" 

W. " No ; for the centre 'of gravity will 
lefcend to the lomfi point A " 

h 5 
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F. " Thus a commencement of the mo- 
tion is made. But will the centre of gravity 
remain at A, and the motion fuddenly ceafe 
there?" 

W. " No; it has already acquired fome 
velocity, which will continue it's motion be- 
yond A, in a curve A B, equal to D A." 

F. " But when you, or rather your centre 
of gravity, has reached B, if you bend your- 
felf forward, fo as to carry the centre of gra- 
vity ftill farther from D, as to £ for ex- 
ample, what will follow?" 

W. " The centre of gravity will defcend 
through the curve E A, and afcend, by the 
velocity it has acquired, through an «equal 
curve AF. 

" Now, I believe I can explain the con- 
tinuance of the motion very well : for in F 
I bend myfelf back again, fo as to carry the 
centre of gravity beyond F, and have a flill 
longer Qurve to pafs through in the third 
fwiqg ; and when I return, I do the fame 
thing/' 

F. " Very right; and in this manner the 
curve is made lpnger and longer : a boy, who 
is ufed to it, as you know, can fwing him- 
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felf almoft through a complete femi-circle, 
fo as to make his feet touch the cieling of 
the room in which he fwings. Yet I wtould 
advife you not to fwing yourfelf quite fo 
violently, for fwinging with moderation is 
lefs dangerous, and affords fufficient exer- 
cife : leave, violent and hazardous fwinging 
to the ruffians-" 

W. " Why to the ruffians." 

F» " Becaufe I believe there are no other 
people fo extravagantly fond of fwinging, or 
rendered fo expert at it by pra&ice. There • 
is fcarcely a houfe in Ruffia without fiich a , 
faring as ours* befidei which there are pub- 
lic fwings of various ; kinds, not common 
simong us, in which people of all ranks fwing' 
u for amufement." 



CHAP. XXXI . 

• * 

RUSSIAN* SWINGS. 

TV. " WhXt kinds. of fwings have the 
ruffians, then ? ;r ; . , ^ ..' i 

F. " I will tell: you; and as ^<s\x Vcw* 
imc knowledge of the fciencfc oil icv&Ocwwns^- 

H 6 . 
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a fhort account of them will be neither 
unamufing to you, nw difficult for you to 
underftand. 

" In the firft place, our common rope 
fwing is univerfally known in RuiEa. 

" Befidc this, there is the katfchel> or ordi- 
nary ruffian fwing, which confifts, inftead of 
a rope, of a perpendicular 'pole, moveable 
on an axis above, and provided with a feat 
at bottom, which is well fee u red, and fo 
contrived, that the perfon cannot fall out. 

" Before the perfon that is to be fwung, 
there is a place for an expert man, who fets 
the machine in motion. At £rft the 
fwing moves flowly, and but a little way; 
it's velocity gradually increafes, however, and 
at length the bold rufs gives the fwing 
fuch a violent impulfe, that it turns com- 
pletely round it's axis: a movement that 
would unqueftionably appal a perfon unac- 
cuftomed to it. 

€< Both thefe belong to the kind of pendu- 
lum fwings. Another kind confifts of the 
wheel, or rotatory fwings, which revolve 
circularly round an axis. Thefe are of two 
forts, perpendicular and horizontal. 
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€< The perpendicular rotatory fwing con- 
Ifts of a ftrong horizontal axis, through 
vhich two pair of long and flout beams 
>a&, forming four arms, at right angles with 
iie axis, and with each other. Each of the 
irais confifts of two beams, between which, 
it the end, a feat is fufpended, moveable 
>n an ajsis, fo as to preferve it^s perpendicular 
(ituation, while the arms, move round. For 
the £ake of fecurity the arms are fattened to 
rach other with crofs pieces, fo that the 
machine altogether does not appear much 
unlike a large water-wheel of a mill without 
the felloe and Boat-boards. The feats are 
fecured with doors ; and when the machine 
is made flrong as it ought to be, it is per- 
fectly free from danger. Each feat will 
hold two or three perfans, but it is neceflary, 
that the feats, oppofite each other (hould be 
nearly on a balance. 

c< The machinery, by which this fwing is 
fet in motion, confifts of a toothed wheel, 
made of iron, fixed to the axis of the fwing, 
and a cog-wheel adapted to it, which is turned 
round by means of a winch. At firft it 
moves flowly, and requires (otOA cratoa*'* 
but when it h fct a going* i£ t\&fe w^gp^^ 
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equally diftributed, it may be kept in 
tion with eafe. 

" This kind^of fwing is common in ' 
fia, Egypt, and fome other countries, as 
as Ruffia. Some years ago it was well kn 
in England by the name of up-and-do 
but in coniequence of fome accidents, 
the interference of the magiftrates, it a 
into difufe. Lately, however, it has t 
revived, and made it's appearance as a 
vclty at fome of our fairs. 

" The horizontal fwing is fufficiently 
miliar in this country under the name 
round- a -bout. It confifts of a large wh 
fupported horizontally on a perpend ia 
axis, with wooden horfes and carts fixed 
ternately at certain diflances on the fell 
With us it is a play for children merely, 1 
in Ruffia grown people are amufed by it.' 



CHAP. XXXIL 



THE ROCKING HORSE. 



F. " While we are talking of fwings, 

may mention another Wm&, v*W* ^ 
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brating motion is effected by means of a 
curved foot, or fupport. Of this fort are 
the cradle, and the rocking-horfe, fuch as 
you had when you were a little* boy, and 
which grown per fons fometimesufe by way of 
exercife. Have you any wifh to confider 
the movement of the rocking-horfe?" 

W. €C I am always glad to learn any thing, 
in which you pleafe to inftrudt me." 

F. " We will draw the figure of a rocking- 
horfe, then, rifen on it's hind legs. See p. 
108, The fupport is a fegment of a circle, 
A E N, of which. C is the centre, and C A,- 
C E, C N, are radii. The fupport now 
touches the ground at A. On the horfe (its 
a boy. The centre of gravity of the boy 
and the horfe together is at G. Can the 
horfe remain in this pbfition ?" 

W. " No, certainly; for the centre of 
gravity is not fupported, as the perpendicular 
line from the centra of gravity to the ground, 
G F, does not fall on the point A, on which 
the fupport bears." 

F. " The confequencc of this muft be, 
that the fore part of the horfe will defcend 
by. moving forward. In doii^ \fe\s w<s^ 
point of the curve A E yj \\\ touOa. \te, S^^ 
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one after another, and the middle point 
the curve, E, will come to the ground in 
D. When it has arrived here, where will 
the centre of gravity be ?" 

W. " In I, or fo that I> I will be equal 1 
to E G." 

F. " But now will the centre of gravity 
be higher or lower than it was before in G?" 

W. u It appears as if it were lower." 

F. " Do not fay, it appears ; we muft not 
be fatisfied with appearances merely. It 
does, and mud lie lower, as may be proved 
geometrically. For D I is equal to E G, 
as you very properly faid juft now: but 
E G is lefs that O G, as you have learned 
geometry enough to know*, (till more con- 
fequentiy muft it be lefs than F G ; fo that 
D I muft neceflarily be lefs than F G ; in 
other words the centre of gravity muft be 
nearer the ground in I than in G. 

" You will now be able to proceed with 
the argument yourfelf." 

W. " As the centre of gravity defcends 

from G to I, it will afcend from I to H, for 

the machine cannot fuddenly ft op when the 

centre of gravity has arrived a.t I> on aa- 

* Euclid, bock 3, ipto^. 7* 
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count of the velocity it has acquired. From 
H it will defcend "again to I, and thence 
afcend to G. And in this manner it will go 
on alternately moving backward and for- 
ward." 

F. " Thus the motion fhould continue 
indeed, did not th<? refiftance of the air, and 
the fri&ion of the fupport againfl the 
ground, conftantly operate to retard it, fo 
that the movement of the horfe would foon 
fubfide into a ftate of reft, if it were left to 
itfelf. The boy fitting .upon it, however, 
can eafily keep it in motion, by bending his 
body alternately backward and forward,, fo 
as to alter the fituation of the centre of 
gravity. 

, €€ The point C in this machine always 
moves in a right light line from C to K, and 
from K to C. 

u If the centre of gravity were in C, the 
horfe would ftand (till as readily in the pofi- 
tion in which it is reprefented in our figure, 
as in any other, juft as a wheel will ftand 
equally well on any part of it's circum- 
ference. If the centre of gravity were 
higher than C, the horfe would iwvwWfc. 
over. Bat while the centre ot ^grariw^w 
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mains below C, it will continue' to vibrate I o\ 
like a pendulum, as will be obvious to you, I p 
from what I have already faid." 



tl 



CHAP. XXXIII. 

FRIENDSHIP OF A GOOSE. 

You have frequently been told, my dear 
children, that it is extremely wrong, to hurt 
or inflidl pain on an animal ; yet there are 
many, who do it from mere wantonnefs, 
without any malicious intention ; as they 
are far from thinking, that a dog, a cat, a 
butterfly, or a cock-chafer, has a fenfe of 
pain, as well as a man. It-is ftill more un- 
pardonable in grown perfons, to beat and 
abufe mute beafts, incapable of expreffing 
their feelings by their cries. Ho\^ often 
does the brutal carman ill-treat his poor 
.hprfe, unable to drag a heavy load over a 
flippery pavement, or up a fteep hill ! ^low 
often does the man, whofe mind fhould be 
more enlightened, and feelings lefs blunted, 
lafh along his jaded beaft, left, his dinner 
fhould be delayed Viaif axi Yk>ox\ \a* v*sl 
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pwn heart prompt you to treat with com- 
panion thofe dumb animals, which have not 
the power of fpeech, to reproach you for 
your barbarity, and remember what is writ-* 
ten, " The righteous man is merciful to his 
beaft. ,, 

One of the advantages of natural hiftory 
is, that in making you intimately acquainted 
with animals, it tends very powerfully to 
imprefs upon your minds the juftice and 
compaffion you owe them, of which you are 
fo apt to lofe fight; You will find in the 
ftru&ure of their bodies, their mode of life, 
their inftin&s, their capacities, their charac- 
ter, and thdir inclinations, fb much that is 
admirable, and often that is noble, as will 
not foil to make you afhamed to treat with 
barbarity, or even to defpife a creature, on 
which nature has employed fo much care. 

Of late years many authors have appeared 
as advocates in the caufe of the brute crea- 
tion ; and, to give more weight to their ar- 
guments, have colle&ed a number of exam- 
ples, which fet the worth of animals in a 
confpicuous light. I will relate a few of 
thofe which will probably ^vv^^oxi^Vv^^ 
opinion of fame animals, tYvaxv ^ ^^ 
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hitherto entertained; and chiefly foch as 
difplay nobler qualities of the heart and 
mind, than men ufually allow to what wc 
call irrational creatures. 

The firft inftance I (hall adduce will be 
that of a Angular frienfliip between a goofe 
and a dog. 

At Little-Grove, in Hertford (hire, was is 
goofe of the fpecies called Canada geefe, 
which are fond of roaming at large, and do 
not like confinement. This goofe, however, 
had con traded fuch a friendihip for the 
yard-dog, that (he continually kept near, 
his houfe, in which he was chained, quitting 
it only when (he went for food, and the 
moment (he had eaten it, returning to her 
poft. Thus (he fat all day by the houfe of 
her favourite; though (he never attempted 
to go into it, unlefs it rained. If the dog 
barked, (he immediately began to cackle, 
flew at the perfon with whom (he fuppofed 
the dog to be offended, and endeavoured to 
bite his legs. Sometimes (he attempted to 
partake of the dog's food ; but this the 
dog, who repaid the warmth of her friend- 
ihip with apparent ir\d\ffereiicfc* ^ould not 
permit. When the te& ol xhfe ^*n ^ 



. t 
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tired to rooft, (he would not quit her dog 
without compulfion. In the morning, when 
driven to the field with the others, there was no 
getting her away from the gate of the court- 
yard, where (he could at lead have a fight 
of the dog, and before which fhe would fit 
the whole day. At length the owner of the 
faithful goofe, refolved to leave her to follow 
her own inclinations, and not afflift her by 
any forcible reparation. Being thus at li- 
berty to obey the impulfe of her attachment,- 
fhe paraded about the yard at night with the 
dog, while he was on the watch ; and in the 
day, when he took a walk into the village, 
fhe accompanied him, fometimes walking, 
fometimes flying, to keep pace with his trot. 
This extraordinary attachment continued 
till the dog's death, which happened two 
years after it had been firft noticed. During 
the illnefs of the dog, fhe ne\er left him, 
even to procure food, and would proba- 
bly have been ftarved, if fome corn had not 
~ been placed in a dilh by the dog's houfe. 
The whole of the time (he (laid in the 
houfe, and would not fuffer any one to 
come near it, except the perCcm ^Wckw^*. 
food for dp dog and hetfeAL T\«. «& <*> 

4 
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this goofe was melancholy. After the death 
of the dog, (he would not leave his houfe 
(or a long time. At length, a dog of nearly 
the fame (ize and colour being procured as 
his fucCeflbr, the poor creature, deceived by 
outward appearance, ind fuppofing it to be 
her old friend, went confidently into the 
houfe to the dog, who feized her by the 
neck, and killed her on the fpot. 

What renders this hiftory remarkable is, 
that the friendfhip commenced after the 
goofe was grown up ; that it feemed to be 
entirely on one fide j and that it was not the 
effect of habit, but apparently arofe from 
gratitude and a fentiment of reflection j for 
it was univerfally believed at the time, that 
the dog had fortunately been the means of 
faving the goofe from being devoured by a 
fox. The goofe, who had probably more 
than once difcovered traces of the fox, found 
herfelf fecure under the protection, and in 
the company of the dog, and voluntarily 
repaid his fervices in kind, attacking the 
enemy, to whom the chained dog could only 
(how his teeth. 
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CHAP. XXXIV. 

A"K EXPERIMENT WITH CORK-BALLS. 

Father. " William, get a bit of cork, 
id cut out of it a little ball : in the mean 
me, Caroline, thread a needle with filk, 
id I will (how you an amufing expert 
lent." 

The cork ball was cut out* and Caroline 
ad fining it on a thread of filk. 

F. " We will now hang up this ball, fo 
hat it may be fufpended freely, without 
ouching any thing. William, take riiis 
tick of fealing-wax, rub it a little with this 
)iece of flannel, and then hold it near the 
ork-ball." 

William did as his father told him : the 
:ork-ball moved toward the fealing-wax, 
md ftuck to it. 

After it had ftuck to the fealing-wax a 
ittle while, William feparated them. He 
then prefented the fealing-wax to the cork 
again, and, to his furprife, uv&ead c& toon- 
ng toward it, it now retired btSotfc'Sx* ^ 
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that William could drive it from one 
to another, as he pleafed. Thus it frequ 
happens, when two people haftily coi 
what they call a friendfliip for each < 
after a fliort intimacy they conceive ftv 
averfion, as to (hun each other wbe 
they happen to meet. 

" This is very ftrange," faid Wi 
" what is the reafon of it ?" 

F. " That it is ftrange, is veiy true 
almoft every thing that occurs in nati 
equally fo ; only what we fee daily doc 
excite our wonder. And when it is : 
xchat is the reafon of it? it is feldorn 
power, to give a folid anfwer. It woi 
much better, fairly to confefs this, tl 
fancy we aflign a reafon, when we i 
give a name to the phenomenon, or e 
it in words. For example ; ' what" m; 
ftone fall to the ground ?* — * Gravit; 
you will fay. — * But what is gravitatio 
* A power that impels bodies towarc 
earth.' — Here the word gravitation ex 
nothing; it is merely a name for thf 
nomenon of falling or prefTure ; : 
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" In like manner, why does the cork ball 
firft follow the fealing-wax, then adhere to 
it, and, after they have been feparated, re- 
treat before it ? The anfwer is : it is the ef- 
fect oi electricity. But the word electricity. , 
no more explains this phenomenon, than 
gravitation does the other; it is merely a 
term to denote the caufe of the phenome- 
non, with which we muft not imagine our- 
felves acquainted, becaufe a word has been 
framed to exprefs it. We might as well 
have expreffed it by x, y, or z, as the alge- 
b raids do unknown numbers, while they are 
finding their values *. 

" The word ele&ricity has been frame4 
fur* this purpofe from eleotruu^ the latin 

4 

* As few of my young readers, I imagine* know 
any thing more of algebra than the name, though it 
is on feveral accounts a fcierice of great utility, with 
which I hope many of them will be acquainted * 
hereafter, I (hall jail mention, that it is a kind of 7 
arithmetic, in which letters are employed to exprefs 
numbers ; for fuch numbers as are known, as the three 
numbers given in the rule of three, the algebraift ufes 
the letters at the beginning of the alphabet ; for fuch 
as are unknown, as the fourth number, or number 
fought, in the rule of three, tot ufc* \ta\ttx«t*'tt-'&fe 
•nd. 

VOL. I. I 
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word for amber, in which the property was 
firft difcovered. But in this cafe, as in 
others* we cannot do better, than examine 
and compare the circumftances with which 
we are acquainted ; that is to fay, the ap- 
pearances themfelves, which will find us 
Efficient employment ; for the alphabet of 
nature is more ex ten five even than that of 
the chinefe, though happily more amufing. 
Accordingly we will vary our experiment a 
little. Cut out a couple more of cork balls, 
William. • 

u Hang^one of them up here by a thread; 
and hang up the other by a narrow flip of 
paper. Now rub your fealingf-wax again, 
as you did before, and hold it near thefe 
cork balls : you will fee a remarkable differ- 
ence in the phenomena/ 1 

William rubbed his flick of fealing-wax, 
held it near the cork balls, and they ap- 
peared to be at traded by it more forcibly, 
than that which was fufpended by the filk. 
Having feparated them from the feal- 
ing-wax, he held this near them again; 
when,inftead of flying from.it, as the former 
ball had done, they wen a& fotabV^ 



THE PL&ASING PRECEPTOR. ' i?4 

\y it as before. It was exa&ly the fame oh a 
nefh repetition of the trial. 

F. " Try the efFeft of a ftick of fcaling- 
/ax without rubbing it firft." 

They were neither attracted nor repelled. 

F. " And now of this key/* 

It had no effeft upon the balls, either 
ubbed orunrubbed. 

F. " And now of this glafs rod." 

Here again William found the fame phe- 
omena as with the fealing-wax. Without 
>?ing rubbed the glafs rod had no effe&: 
rhen it was rubbed, it attra&ed each of the 
►alls > and if that, which was fufp ended by 
he filk, were parted from it after they had 
•een together a few moments, it was then 
spelled by it, while the other two were uni* 
Dimly attra&ed by it. 

," I do not underftand it/* faid William* 

F. u We will vary 4 the experiment again 

little, and then fee whether we can make 
&f thing of it/* 

Caroline wa&defiitd to firing another cork 
ail upon a ttoead oi filk > and this was hiing 
p art * little diftance from theflrft* that was 
[fo fu/pended by a filken tiareaA. 
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Firft each ball was tried with glafs, and 
with fealing -wax, to fee whether they were 
aftcd upon alike. 

Then both the glafs rod and the fealing- 
wax were rubbed, or electrified : one of the 
balls was fir ft attracted by the glafs, and, 
after it had been feparated from it, repelled. 
The fealing-wax was then prefented to it, 
and immediately it was attracted by it 
ftrongly, and ftuck to it. Thus the ball, 
that the glafs repelled, was attracted the 
more powerfully by the fealing-wax. 

On reverfing the experiment, it was juft 
the fame thing. If the ball were firft at- 
tracted by the fealing-wax,- and afterward re- 
pelled by it, it was then the more forcibly 
attracted by the glafs rod. 

The a&ion of glafs, therefore, and that of 
fealing-wax, were oppofite to each other.' 

An experiment was now made with both 
the balls fufpended by filk. 

Firft they were both at traded by the glafs 

rod ; they were then feparated from it ; the 

glafs rod was removed to a diftance, and the 

balls, thus left to themfelves,. mutually re: 

pelled each other. 
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It was precifely the fame, when both were 
de&rified by means of the fealing-wax. 

But when one ball was electrified with the 
baling- wax, the other with the glafs rod$ and 
Jiey were then left to themfelves, they at- 
ladled each other. 

Little, balls of fealing-wax-, fufpended in « 
:he fame manner by filken threads, were 
[lightly attra&ed by a flick of fealing-wax 
previoufly robbed^, but they neither at- • 
traded nor. repelled each other afterward.; 
aor were, they repelled by the fealing-wax. 



CHAP. XXXV. 



CONTINUATION. 



Father, " At firft fight thefe experiments 
feem tolerably puzzling ; but we will try, 
whether they will not lead us to fome notions, . 
that may contribute toward their . explana- 
tion. 

" Sealing-wax andiglafc, when rubbed, 
exhibited marks of ele&r\c\t>f % . Vcotv &A v^> . 
ither, with or without rubbing. 

1 3 
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" Thus wc find there are bodies, in which 
native ele&ricity may be excited* and others, 
in Which it cannot. Hence the former are 
called electrics; the latter, non-electrics^ 
Among the former are glafs, fealing-wax, 
amber, pitch, fulphur, filk, &c. Among 
the latter, metals, water, paper, green 
wood, &c. 

" The cork balls fufpended by filken 
threads, after being touched by an excited 
eledlric, exhibited an eleftric property, which 
the eleftric had imparted tp them ; but the 
balls of fealing-wax did not. 

" Eleftricity may be diftinguifhed* there- 
fore, into native and communicated. Bodies 
which exhibit the former do not receive the 
latter ; and, on the contrary, ho native elec- 
tricity can be excited by rubbing in thofe, to 
which electricity may be communicated from 
others, 

" The cork balls exhibited this commu- 
nicated ele&ricity, when they were fufpended 
by filken ^threads; but not when fufpended 
by a flaxen thread, or a flip of paper. The 
filk, therefore, appeared to confine the elec 
tricky communicated to \Y\t YraU&* fo that 
it could net efcape Ctom tYrou-, x\wi *fcfc\ 
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m 

libltances, on the contrary, to give a paflagc 
.0 it. 

" Hence we may diftinguiih bodies which 
lo not condu6t electricity, non- conductors * 
ind bodies which do, conductors. Bodies 
:hat are electric per fe 9 asglafsy* £ealing-wax f 
"ilk, &c. are non-condu&ors, as appears in 
Tome meafure from our little experiments: 
:he non-eleftrics, as metals, waters, &c* are 
:ondu£tors of ele&ricity. A non-ele£tiic 
9odjr, when feparated from other non-elec- 
trics by means of an eleftric body, or noq- 
:ondu6tor, is faid to be injulated. Thus the 
:ork ball was infulated by the filken thread, 
fo that the .ck&ricity imparted to it could 
not jdcape. 

" When 'ckftricity had .been communi- 
:ated to the infulated cork balls, from feal- 
ing-wax, the native ele&ricity of fealing- 
pvax repelled them : fo wben.it was commu- 
nicated to them from the glafs, they were 
repelled by the glafs. On the other hand, 
when they were electrified by the fealing- 
ivax, they were repelled" by the glafs, and the 
:ontrary. 

" Hence we are natuvalbj led to vt&aU 
hat there are two op\joi\\& Vva&& qS, n ^«& 

1 -A, 
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tricity, which mutually at trad each ot! 
Thefe we may call the vitreous eledric 
and the refinous ; or, as they appeal 
have oppofite powers, pofUive and nsgai 
The little experiments abovementioned 
clofe to us the following grand law, whit 
confirmed by all that have hitherto t 
made. 

14 Similar electricities repel each oth 
oppofite electricities attract. \ . ■ . . 

44 Thus *wben the two intubated cork 1 
were both ele&rified by glafs, or by leal 
wax, they repelled each other. When r 
was ele&rified by glafs, the other by feal 
wax, they attraded each other. \ 

44 It is in confequence of the feme ! 
that light bodies are firft attracted by 
rubbed fealing-wax, and then repelled 

it. ■ . r 

44 Burn this little bit of paper to ad 
rub the (tick of fealing-wax, and hold it < 
them. See how the little light afties are. 
at traded by the fealing-wax, and then 
pelled by it. As foon as they have recei 
eledricity from the fealing-wax, the (im 
ciedtricities of the (ealuv%-wax and al 
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repel each other, fo that the alhes: are driven 
off from the fealingrvvax. 

" Now cut out a couple of 'little puppets . 
of thin paper, Caroline : you (hall fee how 
prettily they: will dance about/' 

Caroline cut out 1 the puppets, laid them 
upon the. table, and held over them, the 
flick of iealing-wax previously rubbed. . Im*. 
mediately they rofe . up, and danced about* . 
ot flood upon their feet, and bent toward 
this, fide or that, according, as, the fealing- 
wax was. moved. 

jR " Now can you explain thfefe pheno- 
mena from the law 1 mentioned above ?" 

W. ." In Tome mealure ; yet . I do not v 
clearly comprehend the reatun. of the firft 
attraction* The law fays, opppfite* electri- 
cities at trad each other ; but the cork balls*- . 
or 1 paper afhes, . before - the fealing-wax has 
touched them, have no electricity, fo that 
here the law feems to me not to apply/ 9 

F.. " You are very right 5 yet we may 
fuppofe the cafe to be thus. Both kinds of 
ekftricity are prefent in all bodies 3 but as 
they have 1 a ftrong . attra&ion, or, as che- 
mifts fay, a ftrong affinity to tacVv tttax \&> 
their -natural Hate, they w* Ss&weoXs^ 

* 5 
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•united, and faturate each other; that is, 
they art: united in fuch proportions, that the 
powers of the one balance the powers of the 
other. Thus neither of the ele&ricities is 
at liberty to exert it's powers; fo that a 
body, in which the twfr electricities are 
united, or in equilibrium, will- exhibit no 
appearance of elefrricity ; and in this ftate 
are the cork balls at firft. ' 

" But when this equilibrium is deftroydd 
in the fealing-wax by rubbing it, 'and one of 
the kinds of electricity, the negative, is thus 
fet free ; this is capable of exerting it's ef- 
fe£ts on thole bodies, that arc within it's 
fphere cf action. 

" Thus, when the cork ball is within this 
fphere of *6tion, *the negatrveele&ricity <rf 
the fealing-wax - repels the negative ele&ri- 
city, that was before in the cork ball in a 
ftate of equilibrium, and attracts the pofi- 
tive, by means of which the ball itfetf, 
which is very light and moveable, is at- 
traded." 

W. " But theft the repuifion of the nega- 
tive ele&ricity fliould repel the ball at the 
fame time, and thus qto *&*&, owioterba. 
hnce the other. 
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F. " Your objection is very proper. Yet, 
if all bodies in their natural ftate contain a 
portion of both kinds of ele&ricity, the dif- 
ference between conduct ors and non-conduc- 
tors muft confift rather in the degree of the* 
capacity for- conducing ele&ricity, than hi: 
perfe&ly oppofite fiates. Hence the 'Cork 
ball,. we may prefume, is not fo perfectly in- 
fulated by the filk, but that it*s negative 
ele&ricity. may pafs more eafily along it, than 
the pofUive can through the air. which is a 
very bad condu&or, particularly wlien dry, 
for it differs much in this refpeft, according 
as it is dry or moift. - 

" Thus when the cork bail is noHrrfu^ 
lated, the attradtion is : more powerful, as 
you.obferved in the ball fufpended to the 
flaxen thready as in this cafe the negative 
eleftricity: finds a freer paffage out of the 
ball, and leaves the pofitive more at liberty, 
to be attra&ed by the negative of the fealing 
wax, 

"There is another mode T of accounting 

for k, < by fuppofing the attra&roie power cf 

the oppofite efa&ricities to aft with irionb 

force, than *hc vepuUtac \Kmtfc sfc $ck&ssl 

ek&tkitie*, Both thefe 'fo^fe)R^ 

1 6 
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ever, you will confider merely as what they 
are, hypothefes ; for neither of them is per* 
fedly fatisfadtory. At prefect, indeed, though 
we are acquainted with many effe&s of elec- 
tricity, we have but a very fuperficial know- 
ledge of the nature of this truly wonderful 
power, the ad ion of which is unqueftionably 
of very great extent and importance ill na- 
tural phenomena : by purfuing our inyeftiga* 
tion of thefe, we may hereafter attain more 
clear and folid ideas of it. 

" For to-day this may fuffice : fome other 
time I will ftxow yoju many more pleafing ex- 
periments in this beautiful and amufing 
"branch of natural philofophy," 



CHAP. XXXVL 



f 



FILIAL AFFECTION OF TWO YOUNG 

RATS. 



I have already related an anecdote of the 

friendfhip fiiown by a goofe toward, a. degi 

but the following ftory exhibits a ftill nobler 

fentiment in animals, v*h\ei\ zx* commonly 

abhorred by us. That Va \Ykfc\K\&*.«^usfc 
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mothers have great love for their young, and 
will even facrifice themfelves in their defence, 
is well known, and deferves our admiration*; 
but' the following inftance of filial affc&ion, 
and the gratitude o£ young animals toward a 
parent, is much, more to be admired. 

Mr. Jofeph Purdew, lying. abed one monv 
kig reading, had his; attention, called off from 
his book by a noife* refemblftig that of rats 
climbing up a wainfcot. The noife ceafed 
for a moment, and was renewed again. His 
bed w» but at a little diftance from the fide of 
the rocfth, aad.he narrowly obferved the place, 
from which tht noife feemed. to come. It 
was not long before he- faw a rat make hii 
appearance at a hole, .without any noif^, look 
cautioufly all around him,, and after a little 
while withdraw.. Frefently the. rat came again, 
with a large old rat*, which he led by holding 
it's ear in his mouth.. With them came, a 
fecond young rat.. The two young rats left * 
the old, one at the mouth of the hole, ran ' 
about, the room picking up the crumbs, which 
had fallen from the table the preceding even- 
ing at fugper, and carried them to the.olfl 
one. Mr. Purdew, . aftontfhed at Akv*> >V\k^t 
tion'in fuch animal VpeicevveA, ^^ ^ ^ 
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rat was blind, and could only find the era 
the young ones brought by feeling abou 
them. When this afte&ing fcene had a 
nued a little while, fome perfon came 
the room. As foon as the young rats h 
the no ife, they gave Jthe old one intima 
of it by a cry, and did not endeavou 
efcape themfelves, till the old one had 
entered the hole, into which they folic 

r 

him. 

What think you of this fa£t, my yc 
readers? Did not thefe animals exhibit a 
tern of filial affe&ion, fufficient to put m; 
who pride themfelves in the poffcffioi 
reafon, to the blufh? How often dowef 
that parents, who have done every 1 thin, 
their power for their children, and dei 
themfelves not only pleafuresj but even 
neceflaries of life, the better to educate th 
are deemed a burden by thoie very child 
when they are grown old and infirm, 
either totally negtafted by them, or poi 
'and grudgingly maintained ! May none 
you ever be liable to this fliameful reproa- 
fcut think of the good young rat$> that 
their blind and aged pra&u 



j 
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CHAP. XXXVII. 

HISTORY OF A WILD GIRL. 

How much reafon have you, my young 
readers^ to thank Providence, for having 
caufed you to be born and brought up among 
civilized men ; for what would you have 
been, had you, bereft of parental care, and 
left to yourfelves, grown up remote from 
human fociety ! It is through the means of 
fcdety alone, that we become human crea- 
tures. Even the favages, as they are called, 
of America and the South -Sea iflands, live 
together in fociety ; and in confequence arc 
not wild, they are only lefs poli(hed than 
europeans. Do.. you with to know what man 
would become, if deprived of human fociety* 
and uneducated by his fellow men, you may 
kirn -it from the following account of a wild 
girl, which is Well worth your reading. 

In the v year 1731, as a nobleman was 
fhooting, at Songi, near Chalons, in Cham- 
pagne, he faw ibmething at a drftance in the 
water, which he took for a co\^\fc -A \i\sfc»>* 
*nd st which ire fired. Ttofc {vpgdfek ^^ 

m 

3 
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avoided the (hot by diving inftantly unde 
the water, and, riling at another place, mad 
to the (bore, when it appeared, that the; 
were two children, about nine or ten years c 
age. They carried afhore with" them fevers 
fiihes, which they. tore in pieces with thei 
fore-teeth* and fwallowed : without chewint 
As they were going; from the fhore, one ( 
them found a. . rofary, .probably . dropped b 
fome traveller, at which (he . t edified grea 
jpyj.hy Jcreaming and jumping about* Ii 
order to keep it ,to herfelf, /he covered it witl 
her hand; but her companion, who per 
ceived this, .gave. her fuch a. blow. upon, tbi 
hand with a/ort of club, that (he could no 
move it. With her other hand, however 
fbe ftruck her companion, in return fuch.; 
blow upon the head, with a firpilar club, a 
brought her to the ground, with a louc 
(hriek. The .vidor made . berielf a bracelet 
with the rofary^but (he had (till fo mud 
pity on her companion, that. (he covered hei 
WQund with the (kin of a filh, which (he drip- 
ped off, and bound it up with a flip of the bark 
of a tree. . They then parted. The girl that 
had been wounded returned to tha river* and 
*W never after feeja-, t2&ftoxkRVwwx\»fc 
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village of Songi. The ignorant inhabitants 
were frightened at her Angular appearance, 
for her colour was black, and (he had on a 
fcanty covering of rags, and {kins of animals. 
They fet a great dog at her : but (he waited 
bis attack, without ftirring from her place, 
and, as foon as he was within reach, gave 
him fuch a blow on the head with her club, 
as laid him dead on the fpot. Unable to 
gain admiffion into any houfe, for every door 
was (hut againft her, (he returned into the 
fields, climbed up a tree, and there took her 
Fepofe. 

- The vifcount d'Epinoy, who was then at 
his feat at Songi, offered a reward to any 
one, who could catch this wild girl. As it 
was fuppofed (he would be thirfty, a bucket 
of water was placed under the tree, to entice 
her down. On awaking, (he looked cau- 
tioufly around, came down, and drank -, but 
immediately afcended to the fummit of the 
tree, as if (he thought herfelf not otherwife 
fecure. At length (he was allured to come 
down by a woman, who walked under the 
tree with a child in her arms, and offered her 
fi(h and roots. When (he had dtCctukd* 
fome,perfons. lying in wa\t te\wA >&«* *»^ 
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conveyed her to the vifcount's feat. . At firft 
(he was taken into the kitchen, where fke 
fell upon fome wild fowl, and ate them up, 
before the cook mi fled them. A rabbit being 
offered her, flie immediately (tripped off the 
fltin, and devoured the flefh. 

An opportunity, of obferving' her with 
.more eafe was now obtained, and it was 
found, that the black colour of her lkin wis 
accidental ; for after fhe had been repeatedly 
wafhed, her jnaturally fair complexion ap- 
peared* Her hands were upon the whok 
well-formed, only the fingers, and the thumb 
in particular, were uncommonly ftrong, which 
no doubt was afcrihable to her frequent^ 
climbing trees, as flic would fwing herfeU 
from .one to another like a fqutrcel. 

The vifbount d'Epinoy delivered her into: 
■the care of a ihepherd, recommending K 
him to be extremely attentive to her, undo 
a promife of -paying him well for his trouble 
On account of her wildnefs fhe was com 
monly known by the name of the fhephercT 
beaft. It coft a great deal of trouble, ti 
render her a little tame. She was very dex 
terous at making hole* \tv the. walls or roof 
~~ A would creep tVuou^iTi^xj^^"^^^^ 
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that an eye-wit nefs could not conceive how it 
was pQffible. Once (he eloped in a fevere 
;ftoft, during a heavy fall of fnow, and after 
r * long feajch was found fitting on a tree in 
-the open fields. 

Nothing was more aftonifhing than the 

iwiftnefs and agility, with which (he ran* 

Though latterly long illnefs and want of ex- 

ercife dimintfhed her fpeed, it was always 

.furpriling. She did not take long fteps like 

.other people, but her run was rather ^fiying 

jtrip % which was more like gliding than walk* 

lag. Her feet moved with fuch quicknefs, 

that their motion was fcarcely discernible. 

-Several years after (he had been caught, (he 

was capable -of out dripping wild animals* 

as (he proved to the queen of Poland in 

1737 : for, being taken out on a hunting 

party, fhe ran after rabbits and hares that 

were ftarted, caught them prefently, and 

r brought them to the queen. 

The quicknefs of her eye was equally afto- 
nifhing. In a moment (he could look every 
way round her, with fcarcely turning her 
head, which was very necefl&ry for her fe- 
curity, and procuring her food^ \v\ fc^x ttvi&L 
/late. 
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Both the girls ufed to (pcnd their nights 
on trees. They laid down- on a bough, held 
themfelves feft with one- hand, and itfted 
their heads on the other. In this fituation, 
according to our maiden's, account, they 
flept very foundly. 

In her favage date (he* had no language, 
but a fort of wild fcrcam,. -which founded 
frightfully when flie was in anger, and parti- 
cularly when a ftranger attempted to take 
hold of her. Long afterwards her fpeech 
had (bmething wild, abrupt, and childifh'} 
but when (he was a little civilized, (he ap», 
peared to be a quick lively girL 

There was nothing, from which (he wa 
more difficult to be weaned, than eating flefli 
and vegetables raw. Her ftomach could not 
bear dreffed victuals, fo that (he fell into one 
difeafe after another, though raw food was 
allowed her occafionally* Perhaps the change 
was attempted with too little caution. At 
firft (he was led by this propenfity to play 
ibme laughable tricks. Once the vi! count 
had a great deal of company, and (he fat at 
table with them. None of the thoroughly 
Jrefled and Uigh-feafoiKA &\ft\s& tait^; to hei 
taflo* (he (bitted up, \ fcn\Y\vt& ^Ky^xku*. 
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filled her. apron with live frogs from the 
neareft pool, haftened back, and bellowed 
them among the guefts with a' liberal hand, 
joyfully exclaiming, as fhe diftributcd her 
agreeable prefent, " here, here, take fomc !" 
It is eafy to imagine how the company were 
delighted with the frogs hopping all over the 
plates and dilhes, while the little wild girl, 
aftonifhed at the flight eftimation in which 
they feemed to hold her delicious models, 
bulled herfelf in catching the frogs that 
leaped about the floor, and replacing them 
on the table. 

In the year 1732, this remarkable maiden 
was baptized by the name of Maria le B'anc. 
On account of the change in her mode of 
life fhe was often ill, and, after the death dF 
her patron, fpent the remainder of her days 
in a convent. 

How 4?his child came into that wild ftate, 
and ia.what<CQuntry (he was born, were cir- 
cumstances, that could never be known with 
certainty. It was cocyedured, however, that 
fhe was by birth an efquimaux, and brought 
to Europe in fome (hip: for, when (he -had 
teamed to talk, fhe faid, that foe \\a& v*i\«. 
eroded the fea.; gave a dfifen^tvon <& Xafcfcfcs^ 
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rcfcmbling thofe of the efquimaux; and 
once, when ftife was fhown a feries of delioca^ 
tions of people of different countries, (he 
feemed agreeably furprifed on coming to that, 
in which the efquimaux were reprefented. 



CHAP. XXXVIII. 

OTHER INSTANCES OF WILD BOYS AK9 

GIRLS. 

Among all the inftances we have of wild 
pjlrfons, the preceding is one of the moft re- 
markable : it may not be amifs, however, 
to give a concife account of a few more. 

In the year 1661, a boy apparently about 
nine years old was found in a foreft in Li- 
thuania, among the bears. ' He was well- 
made, and his countenance was pleafing, but 
he was extremely wild. It proved impoffible 
to tame him, and accuftom him to the cloth- 
ing or food of civilized men. 

In 1694, a young man of twenty was 
found among a herd- o€ beax^ ux Lithuania 
Kkcwi&i on the froaUsis <& "BoaSoaw, Wjl >& 
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to have been all over hairy, and to have 
:ed on both bands and feet. He difplayed 

few marks of rcafon, had not a human 
fe, and was difficult to tame : by degrees, 
ever; he learned to ftand upright againft 
all, eat common food, and to fpeak a 
?, though in a hoarfe and fcarcely intelli- 
e manner. He could not recolleft any 
g, that had. befallen hitri in his wild (late. 
i 1 7 1 7, a wild girl of nineteen was caught 
• Zwoll, in Oberyflel. She had been loft 
lerparents, when only fixteen months old. 
- fkin was brown, hard, and hairy: the 

of her head, long and thick : her fpeech, 
uncommon fluttering : her food, in her 
1 ftate, green herbs, and leaves of trees. 

walked ere A: wore an apron of ftraw,' 
ch (he had made herfelf: was very fliy, 

difficult to be taken : but foon became 
iliarized to fociety^ and learned to talk 

to fpin* 

h the year' i7i<h- t*wo wild boys were 
ght on the Pyrenees; where they? Ikipped 
ut'from rock to rock like the chamois 
While we are on this fubjed we muft by 
means' omit to mention Peter tVie w.\& 

as he was commenty ca\\o& Ttafc^**** 
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was found in the woods near Hatnelen, in 
Hanover* when his majefty George I was 
hunting, in the year 1725. He was fuppofcd 
to be then about twelve years of age, and 
had fubfifted in thofe woods upon the bark 
of trees, leaves, berries, &c. for fome con- 
(iderable length of time. How long he had 
continued in this ftate, indeed, 'is uncertain: 
but that he had formerly been under the care 
of fome perfon, was evident from the r-emains 
of a fhirt- collar about his neck, when he was 
found. In the following year he was brought 
to England; and great pains were taken, to 
inftrudt him : but he could never be taught 
to articulate any words, except his own name, 
Peter, and that of Jking -George. He learned 
to hum a iew fimple tunes, however ; and 
was fo delighted with mufic, that, if he heard 
any one play on an inftrument, he would 
dance and xaper about, till ' he was nearly 
exhaufled with fatigue. He was Jikewife 
made to sunderftand every thing that was laid 
to him, refpe&tng the common affairs of life,. 
In his nature he was gentle and timid, fo that 
he would fuffer himfelf to be governed by a 
child ; yet he was fabje&. *.o tte ^affions o£ 
anger, joy, &c, UpouxW^OT 1 *^*^ 
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feather he always appeared fullen .and un- 
eafy ; and at particular feafons of the year he . 
had a ftrong propenfity for .dealing into the , 
woods, .where he • would feed eagerly upon 
leaves, beech-maft, acorns, and the green . 
bark of trees ; but if he rambled far from, 
home, he could not find his way back again* . 

Peter was about five feet three inches high,, 
■ in his countenance there was nothing ugly or * 
dilagreeable, and he retained a frefh healthy • , 
look in his old age. He died in februaryi 
1785, when he was fuppofed to be about 
feventy-two years old. 



CHAP. XXXIX- 

« 

SOME OBSERVATIONS ON CHTMICAfc 'AF** 
FINITY, SOLUTION, AND CRYSTAL LI*-**- 
ZATION. ' ■■•'■' 

' " You are going, to (how us fomething^ 
curious again to-day, father!" (aid Caroline^ , 
as (he perceived upon her, father's table 1 the ,, 
microfcope, through which (he ha$l feen with 

fo much aftonifhment the an\tttf\c.>ius> *& ^-^ 

fufion. , a \ 

v. 

VOL. I, v 



c 9 *- Tllfc PLEASING PRECEPTOR. 

JFl * I am : and I (hall do it with a great 
deal of pleasure, as there is no arriufement 
more innocent, than what we derive from 
the contemplation of nature. It gives me 
much * fatisfa&ioft, therefore, to find you 
have a tafte for fuch amufements. A few 
days ago, the microfcope exhibited to you 
fwarms of living creatutes : by way of change 
yon (hail now 4e& inanimate objedb, yet not 
lefs wonderful?" 

"'What arte -they?" exclaimed William 
and Caroline, with eag^r -expiation. 

F. " You fliall obferve the procefs of 
cryftallixation in Solutions of falts." 

William and Caroline had never before 
heard thefe technical terms, or, if they had 
heard them, had no clear ideas of their fig- 
nificatioB. Mr/ Goodwyn had often told 
them 9 that, on aH eccafions, they (hould en- 
deavour to obtain as Clear ideas as poffible of 
the things fignified by words; and whenever 
the^ heard any, which they did hot under- 
ftaAd; 'flibuld afk him* to explain their mean- 
ing: He l was perfuadfed, like wife, and had 
found by Experience, that technical terms, 
though generally eotifvifereA fa- \>>yuS\t^ m 
in && more eafy to be unAfcittwA'- wA «« 
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eafon is obvious : common words are gene- 
ally ufed in a loofer fenfe, and frequently 
vith feveral different meanings, while tech- 
nical terms have ufually one precife fignifica* 
ion only. Accordingly, William requefted 
tn explanation of the terms folut ion and cryf* 
'allization. 

F. " I will endeavour to fatisfy you in this 
refpedfc, if you will be attentive. Obfcrve, 
[ throw fome of this (alt into this glafs of 
water. At firft you fee the particles of fait, 
as they were when dry : but they do not con- 
tinue fo long, they gradually dimkufh : I ftlr 
its you fee no more (alt in a folid form, the. 
water only looks a little turbid e when it has 
ftood a minute or two, it will be quite clear. 
— See, there is now nothing in the glafs ap- 
parently but clear water: yet the tafte wiU 
convince you, that there muft be a great deal 
of fait in it. Tafte it, William." 

W. " It taftes fait, indeed." . 

F. " Here then we have a fluid, that con- 
tains another fubftance, the component parts V 
of which are equally invifible to the naked 
eye and the beft magnifying %)o&. Ikcft^ 
\exion tctjvten the mlnuteft. pa*\\c\« <& ^^ 
*3a nee, ik^t was at fiift. viftoVj tni***^ 



lyi THE tt-EASING PRECEPTOR. 

it, is looted j tiiefe particles are intimately 
united with the particles of the water, and 
they are do longer diftinguifhable from each 
other. ■ The whole is become 'an uniform 
fubftance, different from what cither was 
before. Such a fubflance formed by the in- 
timate union of two or more fubftances, is 
called nfolution. The pfocefs by which they 
are united is called dijjblution ; and the foiicl 
fubttance is faid to be dij/blved in the fluid, 
which is called the fofoent> or nwnjlnium. 
As the^change is moft apparent in the folic], 
the fluid is commofrlv confidercd as the attive 

m 

fubftahce ; and this idea is confirmed by our 
applying an aftive expreffion "to the fluid, 
and a paffive to the folic!. But there is little 
room to doubt, that a mutual aft ion takes 
place between them ; for in fome cafes the 
folid feems to exert the aftive power/' 

JV. " But what is the rcafon, that the 
particles of the fait uhite fo intimately with 
the particles of the' water ?" 

F. " That is a queftion, to which it is 

not in my power to give you a fatisfadlory 

anfwer. Here, as in many other natural 

phenomena, I muft rera\uA ^ow c& \W ^k- 

preffion of. the great VUYto , >nV* ^VnSc\ 
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puriucd the ftudy of nature, and, feeling 
the narrow limits -of the human underiland- 
ing, "exclaimed : ; 

c 'Tis not for mortal < mind to penetrate 
into the fecret receffes of nature/ 

" All that we can fay r which in fad: is' no 
more than* • expreffing the phenomena in 
words, t is, the particles. of the water, and the 
particles of the fait, in a certain tempenatxtre* 
that is, in a certain degree of warmth, h^ve a. 
"ftronger attraction for each other, thaft that 
by which the particles of the falt ; are hgld.Xo- 
gether. Thus the cohefion between the par- 
ticles of the fait, which rendered it a folid 
fubflance, is deftroyed by a ftronger power. 
Subftances that have this . attraction for each 
other are faid to have an affinity , or chymical 
affinity. The degree of this affinity varies, 
it being ftronger between fame . fubftances 
than others. Hence, if we add toafolutiqn 
a third fubflance, which has a ftronger affinity 
for either of the two that comp©fq f the folu- 
tioft, than thefe two have for each other, 
thefe will feparate, and that; ]yhieh has the 
ftrongeft affinity for the fubflance. adfied ,will 
unite with it, leaving t\\e ol\\^\^\^>V^^V 
Hate. This is called elective attraclunu 
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this derive attra&ion take place between the 
iubftance added and the fluid of the folution, 
the folid before diflblved in it fub fides to the 
bottom. This procefs is namqd precipitation ; 
the matter at the bottom of the veflcl is 
called a precipitate y and is (aid to be preci- 
pitated from the fluid, in which it was tJif- 
folved, by the fubftance added." 

C. ** Will you let us fee an example of it, 
fcther?" 

F. " Willingly. Fetch me a bit of chalk, 
a little vinegar, and fome pearl-afhes, and we 
will make the experiment." 



CHAP. XL. 

SOLUTION AND PRECIPITATION. 

Caroline having fetched the things (he 
was defired from the kitchen, the chalk was 
put into the vinegar, in which it diflblved, 
lb that nothing more of it was to be feen. 
Some pearl-afhes were then added to the fo- 
lution, which became tufbicf, and the chalk 
gradually fubfided to the bottom in the form 
"of * white powder. 
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F. "This experiment, I prefume, yot> 
*can explain withoy t difficulty." 

W. " Tfce v vinegar, in .which the chalk 
was firft difl&ved, Ji^s a ftronger affinity for 
the pearl-afhes, than; for the chalk, and ir> 
confequence^quits tte chalk, to unite .with 
the pearl-afhes." 

F. "iRjgjbt. But now tell rae, do you 
fuppofe>, that fplid or dry fubftances. can dif~ 
folve one another V 

W. Ci hfcquld think oot.^ 

F> u .In;tbisyouthink^ijftly;.; for in every* 
fcJutipn it isrequifite, that one of the fub- 
tftances T>e in a fluid ftate. .It is not nece£ 
fary, however, that either fliould be fluid by 
nature : you may reduce one or both of them 
to a date of .fluidity by means of heat, in . . 
Other words, you may melt, them, and then 
they would be capable of forming a folution. 
This is called a.folution in the dry way> to 
cfiftinguifh it from the cafe where one or 
fcoth of the fubftances are naturally fluid, 
which is called a folution in the jmoxft way. 

u Thus, for example, folutions of fait* 
fugar, or gum in water, of chalk in vinegar* 
of refins in fpirit of wiite, a&& c& ^5«« "««. 
aqua fortis, are called fo\uUo"as> "vfc. ^^ ^ 
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way* So alfo is that folution which takes 
place between two fluids, as water and vindus 
"fpirit; though this is commonly called a mix- 
ture, but improperly, for here an intimate 
union, or proper chymical combination takes 
place, wherefore it (hould be exprefied by 
the term folution. 

" Solutions in the dry way are fuch as of 
wax in melted lard, tin and lead melted to- 
gether, &c. 

" Precipitation likewife is diftinguiflied in 
the fame xnaiiflfc-. Thus it is called a preci- 
pitation in" the moid way, when the- folution 
is naturally fluid, as in the experiment we 
juft now made with the chalk and vinegar; 
and a precipitation in the dry way, when the 
folution muft be rendered fluid by fire, as of 
lead in fulphur, called galena, which being 
melted, the addition of an alkali* for which 
the fulphur has a ftronger affinity, will preci- 
pitate the lead." 

W. " If I remember right, you faid at 
firft, there were folutions confifting of more 
than two fubftances: but in the inftances you 
have given, the folutions haVe contained 
on)y two, and when a lK\id v<a* added, one 
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of them was precipitated, and only two re- 
mained difiblved." s ? 

F. " Examples of more compound folu- 
tions are not difficult to find : fuch as fugar,. 
water, and vinous fpirit, which form a folur 
tion pf three ingredients ; or common fait,, 
falt-petre, and water; and in thfcidry way, 
' lead, tin, and bifmuth, or gold> filver, and 
copper; with many others." 
. C. "■ There is one thing L would ftijt ; car> 
we diflolve as, much of One -ofv.the fub-r 
fiances in the^other, of; fait in water foria- 
Hance, as we pleafe ?" 

F. " In fome cafes in the dry way we 
can ; but not' in the moid. A certain quan- 
tity of a fluid, as you feem to imagine, can 
diflolve only a certain quantity of a folid- 
When the fluid has dilfolved as much of the- 
folid as it can, it is faid to be fa tu rated witli 
"it; and if morq of the folid be added, this 
will remain at the bottom of. the Tcflel ua- 
difiblved. , . ■ • 

" The proportions* in which^different fub-< 
fiances are fotuble in others, van. , and de- 
ppnd in fq*iie aiealure on the leiTY^x^xx^^fc- 
'* the-folveat. . Thub a .2 vca v,vxa^\UVN o*i nn-&^ 
terwill ditibive igoie oi \u ix ^va.w <& '&vv«> 
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and boiling water will diflblve more of cithci 
than cold ; though, oa the ntrary, cold 
water will diffolve more mag than hot 
It is alfo to be remarked, th er, aftei 

it is faturated with one felt, is (till capable 
of diflblving a certain quantity of another. 
" It is a Angular circumftance too, that t 
confiderable' quantity of fait may be di£ 
folved in water, without the water's rifiug 
perceptibly higher in the veffel, in which it 
ftands; the fpace, that the two fubftances 
occupy after folution, not being equal to 
that they both occupied when fepanite." 



CHAR XLI. 



fckYSTALMZATIOir. 



Father. " As I have now given you fome 
inflght irfto what is moft important concern- 
ing folution, I may proceed to explain to 
you briefly what is meant by cryftallization. 
w tThe particles of many fubftances have 
a di/pofitioi^ in paffin£ ftota a fluid to a 
folid /late, to arrange itan&tat*\s! w^&s. 

v 
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figures* This is called cryftallizing. Thus* 
the freezing of water is a true cryftalliza- 
troii, of which we frequently fee beautiful 
fpecimens on oar windows ift winter morn- 
ings* So, lifcewife, jf part of the water of 
a faturated folution of any fait be evaporated* 
.lb much of the fait, as the remaining water 
cannot keep diflblved, wUl return tea folid : 
(bite, .and i& doing this, cryftallizfc. Tow 
fliall fee an inftance of it in the jalt we di£> 
foivcd juft now.'' ^ 

The microfcope was now adjuftecT, (6 that: 
the light fell properly on the flfcfo on which? 
a tolerably large drop of the folution of fait 
was put. William and Caroline looked in 
by turns. At firft nothing but a clear fluid 
was vifiblc Prefently Caroline perceived a 
fmall transparent fblid' point in it, which ap- 
peared no larger than a fmall grain of fand*> 
though the microfcope magnified the dia- 
meter of aa object two hundred times. More 

fildrpoipts foon formed in different parts of 
the drop, but firft round the edge. 

* Obfervethefe points attentively,'* faid 
Mr. Goodwyp ; " they are the commence- 
ment of cryftallization, the firft combination. 
cf the. company panicle* o£ tic* Ssfix v *- 

*6 
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Icaft as far as wc can difcern, that were dif- 
folved in the water, and are now fet free 
from it. You will foon perceive a change in 
them/' 

In fadt, it was 4 not long before our young 
obfervers faw fquares of different fizes, as 
regular as a geometrician could have drawn, 
form around thefe points. From the pointy 
as a centre, proceeded ftraight flender lines 
to the corners of the fquare, eroding each 
other at right angles, and other flender lines, 
parallel to thefe, filled up the intervals. It 
toas a pleafmg fight. Now here, now there, 
a new fquare arofe ; the largeft in the middle 
of the drop. Here and there other figures 
lefs regular appeared ; probably beeaufe the 
particles of fait were prevented from aflum- 
ing their proper form By fome obftacle. At 
length the field of the microfeope was com- 
pletely beftrewed with fiich figures ; no more 
frefh ones appeafed; and/ when the Aide 
was withdrawn, nothings but the dry- fait was 
feen on the glafs. ■ / 

William and Caroline were fo much amufed, 
that they defired to examine " another drop, 
which exhibited juft the fame appearances. 

As ufual, WiUianv m* *sfc&j -«\^\^ <&k 
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queftion, which is as eafily put, as it is 
commonly difficult to anfwer : " What is the 
cau(e of this ?" 

«■ F. " Of the primary caufe we know no 
more in this cafe, than we do ih many others. 
The component parts of fubftances have a 
difpofition to unite firmly together, or an 
attractive power for each other. This power 
"is in great me~afure countera&ed by a certain 
degree of heat in quickfilver, water, and 
melted metals ; and by the attra<ftiv v e power 
of the menftruum in folutions. If the de- 
gree of heat be diminished in the former in- 
stances, the component pa:*i.s of the fub- 
ftances will unite into a folid. The fame 
thing will take place in folutions, either by 
cooling, or by diminiftiingthe quantity of the 
fluid menftruum, while that of the folid dif- 
folved remains the fame, or by the addition 
bf a third fubftance. 

" I have laid it may be cffe&ed in folu- 
tions by cooling, which is the cafe with-fuch 
fubftances as are folublc in greater quantity 
in* a hot menftruum than in a 'cold. Of 
this we have air inftance in fait pet re, which 
diffolves in- much greater c\uav\t\Vj >s\ V^kX. 
■ inter than in cold ; lb tVval VI ^cax ^as** 



* » 
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boiling water with faltpetre, and then let it 
cool, a confiderable portion of it will (hoot 
into cryftals, in much the fame manner is 
ice in a veflcl of water when it freezes. 

" The experiment* that we have juft made 
with the fait and water, or brine, is aa 
example of the fteond mode. The water in 
the drop upon the Aide evaporated by de- 
grees, fo that the remaining water becanje 
lefs and lefs capable of holding all the (kit ia 
folution, and in confequence the particles of 
the fait gradually united together. What ypu 
here faw in miniature is executed on a larger 
fcale in falterns, or falt-works. In thefe the 
brine of a fait fpring, as at Namptwich and 
Northwich in Chefhire, and Droit wich in Wor- 
cefterlhire, or fea-water, as on various parts 
of our coafts, is conduced into large pans, 
under which a fire is kept, which evaporates 
the water, and the particles of fait unite into 
cubic cryftals. Common fait will not cry- 
flalHze by cooling like faltpetre, for hot 
watefr difTolves very little, if any, more of it, 
than cold , indeed it cryftallizes, beft when 
the water is kept pretty hot. 

" In the laft mode the cryftallizatioa is 
cffbftcd by the addition oi a. Wo^^^nJc^Isw 
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las a ftronger affinity for the folvfent. Thu% 
for example, cryftallizlation is effe&cd in afolu- 
:ion of fait, by the addition of fpirit'of wine, 
[n this cafe, however, the tryftals are fmaller, 
md not fo regular, of whkh : l*Hl v give you 
the reafon. When partfctes ane obliged to 
tinite fuddenly, they canhtit Unite in fuch 
regular order, or in fiich largfe bodies, as 
when thfly are at t rafted towatd : each other 
flowly and gradually. When fJwrH of wine 
is poured into a folution of felt, it combines 
quickly with the water, fo that the fait is as 
quickly fet free to unite; which does not 
happen when it is left to unite by gradual eva- 
poration, or cooling; and the more flowly 
either of thefe takes place, the larger and 
handfomer will.be the Cryftals produced. 
' " Salts, fuch as faltpetre, common fait, 
and the like, (how a peculiar difpofhion to 
cryftallize : and hence fome have imagined, 
that every cryftallization riiuft be & fait, and 
require a folution in the moid way; But 
this is an erroneous opinion: for ciyftals 
are formed in the dry way, as in melted 
metals, and glafs, when very flowly cooled, 
and without the prefence of any (alt* a& vcl 
pure water that freezes. Ct^aB&ta5K«» 
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however, requires, that the particles be in a 
ft ite to move freely ; whence it is moft per* 
fWt in liquid folutions, and much lefs fo in 
mccals the fluidity of which, when melted, 
is always inferior. Even the fume, or fmoke, 
that tffcends from certain bodies, afTumes 
particular figures, where it attaches itfelf.". 
W. " Lad night, by candle-light, I faw 
fomethmg like a little black worm floating ' 
in the air, which fettled on my paper.' At 
firil I thought it was fomelhing alive ; but 
when I found it was not, I bruftied it off, 
and it left a black mark on the paper, and on 
my finder. Was it fmoke, that had united 
into fuch a body in the air ?" 

F. " Certainly ; and it is a very frequent 

appearance, when we burn candles that emit 

much fmoke. — But to return to our cryftals,. 

• did you ever obferve the lutle grains of fait 

with attention ?" 

C u O yes •> I have often obferved them : 
they commonly look like little fquare fun- 
nels, clofe at the point. " 

F. " Very true -, and larger in fome fait, 
fmaller in other. Thefe little funnels are 
the .groundwork of cub\ca\ crj foster *vv^ ^d 
them uniting by their po^ts, ^^ v\^\*^- 
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bws of the funnels being filled up by addi- 
;ional matter, ' * 

cc The cryftals of every kind of fait have 
:heir particular figure, falts varying greatly 
Tom 'each other in this refpeft, as we (hall 
lereafter have fome other opportunity of ob- 
ferving. But to enable them to retain this 
figure, it is always neceffary, that a certain 
portion of water fhould be united with the 
particles of the fait. This is called, the 
water of cryjtallizdtion \ and if it be ex- 
pelled • from the cryftals by heat, thefe 
k>fe their cryftalline form, and fall into a dry 
powder, which, however, retains all the pro- 
perties of the fait." 



CHAP. XLII. 



NATURAL SALT-PANS. 



Father. " I juft now obferved to you, 
that what you had obferved in miniature was 
performed in an extenfive way in the pre- 
paration of fait. This, however, requires 
proper buildings and impkru^Yv^^^\\O^^TOv« 
lot be ere&ed and pro\\ded Nn>Xvo\A. sarc&sr 
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derable expenfe. You fee fait on the tabic 
daily ; but you little imagine what buildings 
mud be ereded, veffcls and implements-pro- 
cured, fuel expended, and labour employed, 
before we can obtain it in the form in which 
we have it for ufe. 

" Yet there are countries, where theft 
are not requifite, nature performing the 
whole procefs. Hollow places in "the* tow 
grounds there anfwer the purpofe of our laljp 
and expenfive pans; while the air and the 
fun perform the office of evaporating tjie 
brine, for which we are obliged to enjplpy 
much labour and fuel, before we can bring 
the fait to cryStallize." 

Caroline. " Where are thofe countries? 1 * 

F. * At the Cape of Good-Hope.' You 
know whefeJT'hat is." 

C. " Yes y it is the fouthern extremity of 
Africa, where* the dutch had a fettlemeot, 
which we took irom them in. tHe beginning 
of the prefent war with them." 
■ F. " At the Cape of Good-Hope, as we 
are informed by Dr. Thuhb'erg, who has 
given a valuable description of that country 
in* his travels, there are large places, or M- 
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ural fait- pans, in which a great deal of brine 
ollecfls during the rainy feafon." 

C. ?' Is there a particular rainy feafon 
here, then ?" 

F. " Yes j but of that another time. 

€C The water of this brine gradually eva- 
porates, and leaves behind good fait, which 
he people of the country colleft for their 
t(e» In this manner they are fupplied by 
mture with all the fait they want, without 
he leaft affiftance from art. 

<c When the rainy feafon is over, a very 
>rL(k evaporation of the water enfues, occa- 
toned partly by the great heat of the fun, 
ortly by the violent winds. The fait then 
xyftallizes, and falls to the bottom. The 
ryftallization takes place tnoft powerfully in 
tovember and december, and in the middle . 
>f the day, from ten o'clock to three. Dur~ 
ng this time the fait may be (ben forming a 
and of pellicle, or thin fkin, oa the fur face 
f the water, before it becomes fo heavy as 
o fink to the bottom. The fait produced 
a this way is very fine, and the cryftals ar$ 
Irran to the north-weft fide of the pool by 
he blowing of the fouth-eaft wind* where 
hey mufi be immediately qc\kOi^ . "Si ^2^ 
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be not done, the, fait accumulates, and falls 
to the bottom in layers, or flakes, from which 
a coarfer kind of fait is formed, in larger. 
grains, and mixed with impurities, which 
give it a grayiih colour. This fait is ufed 
only to preferve meat, or flefli ; the finer or j 
whiter fait is employed for the tabic* andfcffj 
faking butter. • r 

" Some of thefe natural falt-pans arc fofc 
large, that it will take half an hour to walk' * 
round them ; and when they are covered 
with fait, they refemble a lake frozen over* 
which has a Angular appearance in the fuffl- - 
' mer, and in fuch a climate. * 

" Thefe pools. are often at a diftance from 
the fca, and at confiderable heights. * Their 
water has no connexion with that of the 
ocean, but is produced entirely by the rain, 
which falls in the fpring, and evaporates inthc 
fummer. The foil every where abounds wiA 
fait : accordingly the rain, which flows doffD 
from the higher grounds, diflblves this lit, 1 
and carries it along with it, till it arrives at| 
a hollow : there it flops, and gradually eva- 
porates, till it is fo diminilhed, that cryftal* 
Jization follows " 



THE PLEASING PRECEPTOR. 2x3 



CHAP. XLIII. 

THE SPINNING-WHEEL. 

iong other female occupations, Caroline 
ately learned to ufe a fpinning- wheel, 
1 had been prefented to her by her god- 
er, and was diligently employed at it, 

her father came in. 
Do you know," faid Mr. Goodwyn, 

looking attentively at his daughter's 
[fry, " how it is, rtiat the thread winds 

your hand upon the bobbin ?" 
irolinc. " You are laughing at me now, 
t. Do not I fee how fwiftly the flyer 
> round with the bobbin ? how then 
the thread avoid being wound upon 

at her. " You think, it cannot. Well, 
the flyer out with the bobbin, and 
them round with yo.ur hand 5 or, 
:h is better, take the firing that pafles 
the pulley of the bobbin, and place it; % 
re the other is, that pafles over the pul- ^ 
}f the flyer. Now you \^xcwi<i<> ^Vvcy 
turn the wheel, botK the JV^&t m^.^ 
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bobbin go round as fwiftly as before; bm 
docs the thread wind upon the bobbin ?" 

C. " No; it does not !" 

F. " Befidcs, if the thread wound up as 
fwiftly as the bobbin turns round, do you 
think your fingers could draw out the flax, 
and unite it into a thread, fufficiently fall ?" 

C. " Why, no ; I cannot lpin fo faft as 
that i and fo the thread would be for ever 
breaking, particularly when I flop a few. 
moments, as I* frequently mud, when there 
are unevennefles in the flax, to corred the 
thread/* 

F. " You fee, therefore, if this were the 
cafe, you mud fpin much more in an hour 
than you poffibly can with all your dili- 
gence, and that the bobbin mud: be much 
fooncr full/' 

C u It appears fo, indeed : but how is 
it, then, that the thread does wind round 
the bobbin ; >" 

F: a That i§ the very queftion which you 

thought at firft fo limple. In the firft place, 

the firing that turns round the bobbin and 

flyer p double •, one ftucv^ faffing over the 

pulley of the flyer, the oiYve* on<k \kfc ^3^ 



iev attic bobbin. "' If ywi ^*V*fc «** 
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Hey of the flyer, the thread will not be 
nind up- Farther, the bobbin, you know, 
moveable round the axis of the flyer, and 
1 turn independently of it. If both go 
and equally faft, the thread will not wind 
jiid the bobbin/' 

C. cc I think now I underftand fotnething 

it. The bobbin muft turn round fader 

in the flyer, and this muft be effected by 

sftn$ of the firing palling round it. Am I 

F. " Perfe&ly : and you will readily con- 

iVe, that, if the bobbin turn round in the 

lie direction as the flyer, but a little more 

iftly, the thread, which pafles through 

is ftaple of the flyer muft wind round the 

•bbin/' 

C. ■'" That I comprehend very well." 

F. " To underftand it the better, we will 

ikt a mark with chalk on the wheel, the 

febbiii, and the flyer/ 1 will now turn the 

lecl round flowly once, and doyouobferve 

•w often the flyer goes rouutd in the rnqfea 

lifc^ 

CS« Six times. * 

F. u Now ob/erve how often \fcfe 

v sound during one turn oft t\& v*V***? 



* * 
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C. " Seven times." 

-F. " Thus, then, as the bobbin makes 
one more turn than the flyer in every turn 
of the wheel, the thread muft wind once 
round the bobbin every time the wheel 
goes round." 

C. " True : now the whole is- clear." 
1\ " The whole ! let us fee. What ne- 
ceflity is there, to make the flyer turn round 
fo fwiftly ? The machine might have been 
fo contrived, that the bobbin and whed 
(hould go round together, and the thread 
wind round it in a fimilar manner ; or the 
wheel might be turned round more flowly, 
and the thread fuflfered to wind up on the cir- 
cumference of the wheel itfelf." 

C. " But that would not be fo convenient." 
F. " Very likely. This, however, is not 
the only reafon. Beflde the convenience 
to the fpinner, the bobbin is neceflary for. 
twilling the thread properly, and fmoothiflg 
it's furface by fri&ion. , \ 

CV" Still what is the reafon, that the 
bobbin goes round oftener than the flyer, 
fince they are both turned by the lame 
wheels * • . . 



i 
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F. H Your queflion (hows* that you re-* 
e£t oh the fubjeft. You wilt readily un* 
erftand, that the flyer muft move. round fix 
tmes, while the wheel, moves round once, 
ecaufe the circumference of it's pulley, over 
rhiqh the firing paffes, is equal only to a 
xth part of the circumference of the wheel, 
or, as the firing is {trained tight both upon 
he wheel and the pulley, when the wheel 
urns once round it carries with it as much 
f the firing as is equal to the circumference 
f the wheel, or fix times the circumfe- 
?nce of the pulley, fo that it miift confe- 
ently turn the pulley round fix times.". 

(7. " I underftand that clearly." 

F. " Now, if you look at the pulley of 
he bobbin, over which the other firings 
•affes, you will perceive it is fomewhat 
mailer : in yours it is equal to a feventh . 
art of the circumference of the wheel, and 
onfequently the bobbin goes round feven 
imes while the wheel makes one turn." ! 

C. " I did not think, that the tiirner had 
;> much to confider and refled upon, when 
e made a fpinning- wheel. " * l 

F, «>Jn fad U.;reft^^^ 
% vrners make • thefe ufef\i\ \m^^^^^*^^ 
vol. z. % 
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as other mechanics make their violins, harp- 
fichords, and indeed almoft every thing, ac- 
cording to the rules they learned from their 
mailers m their apprenticeship, and the mea- 
sures they were once taught, without trou- 
bling themfelves about the principles, cm 
vvliich they are coraftru&ed. Hence thefe 
are not always followed as they ought ; and 
in many caies there is Toom for improving 
moil implements, if their makers pofleffed 
more theoretical knowledge. The honour 
of reflection beloi.gs almoll exelufively to 
inventors and improvers. Thus we are in- 
debted for the invention of' the -common fpin- 
.ning-wheel to a german, of the name of 
.Juergens, who lived at BruunCwic near three 
hundred years ago , and this ingenious ma- 
chinery^ that moves the bobbin backward 
and forward, toirbouf which «rt would be we- 
-ttfiaiy to be frequently ibarfnng the 'thnrad 
rfrom one flapfc on. the flyer? t^acathsr, to 
the 'great interruption -of . rhe *worft, - and ■dan- 
ger of bicalling 4Jhe thuead, was lately in- 
wntedby MbJUttU, of Fuineck, new Leeds, 
for which a premium was beftowed on him 
■ by . the Society: im 1\\e ^TOattlvife ^ «t^ and 



f . j£ "j I jfyajl iiow. Jbe ,fi#l fppfJpr.^f ^ny 
fpinjojng-wji^e], fince -yon Jbaye ^ght roc 
to underftand it : but for this inftru&ion, I 
fQight have continued fpinning .all jaay life, 
P&chaps, without .once -thinking jwhat I was 
3<3^aJJy abput.!' 

, , : F. "One mpre qfieftiqn, hcwfv^r : ; asyou 
^ire fo diligent, how much can yqyi fpin in 
sua hour ?" 

,. C. « My mother tells me, that I flulj 
ibonhe able to fpin about five ikeins of 
thread." 

. i\ " That is a hundred and ftfjty .yards ; 
for the reel is a yard in circumference, and 
pach (Vein is thirty rounds of the reel." 
C. " That is a great deal." 
F. " Yet you would (pin a great deal 
mere, if the thread yrotmd once round the 
bobbin every time you turned the wheel 
round. Let us -fttppofe, that your foot de- 
prefles the treadle twice in a fecond, and that 
the circiimferenice of the bobbin is only two 
inches,, .in this cafe four inches of . thread 
woi^ld ,be wouqd upon it every fecond, and 
facty times four, or 240 inches, in every mi- 
Bute. But 240 inches are tmwVj fetfcv^ifcas^ 
would be 1200 feet, or 400.^4x1^^^^^* 

1* 2, 
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C. " Then I (hall not fpin half fo mtich 
as I xnight to do, according to your calcu- 
lation." 

F* " Very true : and the reafbn is, no 
doubt, that an expert fpinner cannot form 
the thread fo fad as the bobbin goes round; 
She checks the thread, to alter places where 
it runs uneven, and the like; this does not 
occur at regular periods; and thus the bob- 
tin runs fometimes flower than it does at 
other times, but always fafter than the 
flyer. Hence you fee how neceffary it is, . 
for the bobbin to have a feparate motion of 

it's own. 

" You have now enough of the theory, 

lo go on with your pra&ice," 



CHAP. XLIV. 

- OF BEAMS AND PLANKS. 

William one day feeing a large beam 
conveying along the road on a timber-car- 
riage, was furprifed to obferve, that it bent. 
" I did not think," K\dYve v u iV^x^cKa 

4 % 

thick beam would bend" 
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u Yet it is very natural, anfwered his 
father : " the thickeft beam can bend as 
well as the flighteft lath; it depends entirely 
on the proportion of the weight to the ftrength 
pf the body. If you confider the thicknefs 
of the beam, ydu will find, that the weight 
of the part which lies behind the axletree 
cannot be fmaH. How much do you fuppofe. 
the weight may be, that a&supon theunfup: 
ported end ?" 

William. " I do not know." 

F. " Let us endeavour to eftimate it. 
It is good to acquire an accuracy of eye in 
our youth, and indeed of touch and ear, 
which may be done by frequent pradtice. If 
we often compare unknown lengths, breadths, 
thiekneffes, and, heights, at different dis- 
tances from the eye*\ with things of which 
we already, know the; dimenfions, we (hall 
fpon be able to judge with tolerable accuracy 
the length, breadth, or height of ja room, a 
building, or the like. So of weights ; if we 
frequently take a known weight of one, two, 
or more, ounces, or pounds, and reijriark the 
degree of exertion it requires to fupport it*. 
which is commonly called \>ov&w^ V^* ^» 

L 3 
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fhall (ban acquire a reading at eftrmating 
the weights of ttiirtgs." 

TV. " But we> Cannot apply this to very 
krgft bodies, fueh as th\4 beam for inftance." 

F. n Trtte : yet hefre we may call in; the 
afliftsrice off the eye. Thus I Ihoutd fuppofe 
fhe e*d of th* ftfeartl iff prbj^ft tfcif feet be- 
yond the axte tree, an J to be a 1 foot broad, 
ami a- foot thick: eonfequent'ty to contain 
ten cubic feet. Now oak is nearly of the 
fame fpecific gravity with water, and I know, 
that a cubic foot of water weighs 62 pounds 
and a half. The wteight therefore muft be, 
if tve teckon the cubic foot of oak two 
pounds and a half lighter than a cubic foot 
o! wafer? 

H\ " Ten times 6* pounds, or 600 
pcunds in the whole. And this weight, front 
what you tdught me fome time ago on the 
fubjeft of the lever, muft be equally divided 
between the two ends, fo that the unfup- 
ported end is deprefTed by a weight of 300 
pounds." 

F. " Very juft: and this weight may rea- 
dily be prefumed fufficient, to overcome the 
cohefion of the part\c\es oi \\vt >Nood la a 
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fmall degree, fo as to occafion a perceptible 
bending in a length of ten feet. 

" It may not be amifs to obferve to you 
on the prefent occafion, that the bending of 
a piece of timber frequently depends much 
on the pofition, In which it is placed* The- 
beam before us b Jjqi&re, £b that U matters 
not 00 wkkk &ta it lie*: but in a plank, 
which ^ much bro^Jesf thm it is thick, the 
cafe is very different. You have, qfun. feeaa 
carpenter carrying planks upon his fhoulde* 
and jnuft have obierved, that they Jb&4fi a 
great deal when kid fiat > on the contrary, 
if they be laid edgewife* their weight is not 
fufficient to bend them perceptibly in that 
dirc&km, though then the motion of carrying 
them along will make them bend from fide 
to fide. Builders are well acquainted witj* 
this principle ; and as it is . of importance to 
tbem # to prevent, as much a$ pqffible, the 
timbers of a houfe from bending, I will fqnje 
day go with you to a houfe that is building, 
and defire the carpenter to point out to you 
the ingenious methods, that have been'de- 
vifed for this purpofe." 
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CHAP. XLV. 

■ 

HOW TO WEIGH A BEAM WITHOUT A 
STEELYARD OR SCALES. 

Father. " We juft now eftimated the 
weight of the beam, by gueffing at it's con- 
tents in cubic feet, and multiplying thefe by 
the weight' of one cubic foot pf the timber: 
but could we not find the weight of the beam 
in feme other way ?" 

William. " By a very large fteelyard." 

F. " True ; we might do it in that man- 
ner without difficulty; and there are fleel- 
yards, in many places, large enough to weigh 
a loaded waggon. But is it not to be done 
Hvithout any fuch help?" 

W. " I. cannot tell how." 
- F. " There- is no fuch great difficulty in it 
Draw the following figure. 



& 
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Let A B be the beam, and G it's centre of 
gravity. ' Now if tYie b^vtv x«&*& <^cv •*. s^- 
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port at ' it's centre of gravity, the ttta ends 
would be in .equilibrium, .Or balance each 
other. Bat. if the fupport were on. one. fide 
of the centre r of gravity, as:at C, the longer 
end, B, would fink:to. the.. ground.' . To re- 
ftqreit's eq^Uibrijim/aweight muft be placed 
&t A; ;and.froiu the^weight required^ and it's 
fiiftance, .with that of the centre, of gravity, 
ffeorn-.rtbe. ppinfc of fupport, the weight of 
the beam may be calculated. ; Perhaps you 
could make the calculation, yourfelf* .recol- 
lecting the l£w, that the powers will be, to 
thjej iflverfe* proportion of their difjaqces from 
the pgint of.fuppprMvhen they are in.equi*. 
Ubrib.V 

<; W% ."• Since we msy con6der the weight bi 
the beam, as lying; in thetcentre of gravity G, 
we. may fay* as C G is' to C A, fo is the 
weight A to the weight at G„ or the* whole 
weight of <the .beam.'! ' 

F+ .."• Suppqfe* then,*, that « AC is ;five 
times the> lee gth, of G.G* and we are obliged 
to place *exadly at ^hundred i weight at AtO; 
produce an equilibrium, .what, will be the.,, 
weight of the beam ?" 

Wf. " Five hundred weigJ\t/V 
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F. " Hence we may deduce another mode 
of eftimating the weight of a beam. Sup- 
pofe I have attained by experience a know- 
ledge of the exertion it requires for me to lift 
one, two, or three hundred weight from the 
ground. Now if the beam be lying on the 
earth, and I put a rope round one end, fot 
the convenience of lifting it, taking it fof 
granted, that the beam is not too heavy for 
this, could I not in this manner eftfcnate tht 
freight of the beam }" 

W. w O yes : for as the end A refts on 
the ground j while the end B is railed, it is a 
lever of the fecond order, and &s the beam is 
of the fame fize throughout, the power is as 
far again from the point of reft as the weight, 
fo that th* weight mud be double the 
power." 

F. " Accordingly, if the exertion I em- 
ploy, to raife the end B, appear to me equal to 
what it woiild require to lift two hundred 
weight and a half, I may infer, that the beaW 
muft be about five hundredweight,"^ l 
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CHAP. XLVI. 



HOW MEN STAND. 



Whether a body be fecurc from foiling," 
or not, depends upon the fituation of it's 
centre of gravity. 

In every ftanding body the centFe of gra* 
vity muft Ke over fome part of the furfacc 
upon which it Hands, fo that a line drawn 
perpendicular to the centre of gravity muft 
fall* within the limits of that furface. Thus, 
for example, a man cannot (land Heady, un~ 
kfs a line let foil . % perpendicularly from be- 
tween his hips, where his centre of gravity 
lies, touch the ground fomewhere within the 
fpace of which his two feet form the boun- 
dary. .'."■'■■ 

Hence it is obvious, that a quadruped, 
which has four feet, *s a horfe, muft ftand 
firmer than a biped, which has but two, as 
a man. A body may (land in an inclined 
pdftuce, and yet fteadily, if the perpendicular 
let "fell from -the -centre of gravity be not 
without the limits of the fariass, crc^\\\Oew^x 
Aw*. A mm may wtf&nsYvvmfeXl fewwfts 

l 6 
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backwards, or to either fide,- without falling, 
and without moving his. feet; and the farther 
his feet are from each other in the direction 
in which he inclines himfelf, the greater this 
inclination may be. 

Thus a man (lands firmer when his feet 
are at a moderate diftance from each other 
forwards and fideways at the fame time, as in ! 
what dancing- mafters call the fourth position, 
than when the feet are near together. 

My young readers, no doubt, have already 
learned at the dancing-fchool, that they muft 
turn out. their toes, to (land gracefully. But 
turning out the toes in a moderate degree is 
not graceful merely, it is conducive to firm- 
nefs of pofture; for by this a man is ren- 
dered lefs liable to lofe his equilibrium fide- 
ways, than if he turn his toes inwards* or 
place his feet parallel to each other, which is 
a faulty pofition according to the laws of 
mechanics, as well as the rules of dancing. 
Still, to turn the toes out too much. is alfo 
faulty, and many dancing mafters carry this 
too far. It is ungraceful; for what can be 
graceful, that is unnatural.? Man's nattutti 
mode of walking is fcrwat&sry a\x taVft^trhiciu 
however, he is to guatd *%«*»&. fc&Yoqg, <*> 
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either fide. Accordingly nature has placeci 
his feet in this direction, at the fame time 
that (he has given him mufcles at the hips, 
which are capable of turning the whole, leg*, 
with the foot, fomewhat outwards, and in- 
wards alfo if it be necefiary: but to turn 
them fo far rotnd, as to bring the heels as 
forward as the toes, cannot be done without 
a conftrained aftion of the mufcles, and a - 
contorfion of the whole limb. A man walk- 
ing forwards with his toes pointing direftly 
to each fide would appear a ridiculous figure* 
to iany one of uncorrupted tafte, ' who had 
never feen fuch an exhibition. before.. This* 
turning out of the toes too much is to be 
reprobated on aceourit of it's infecurily alfo ; 
for in confequence ofit a. man is liable* td 
lofe his . equilibrium either backward or for- 
ward. The rules of dancing and mechanics 
fliould go handiia hand, . otherwife the former 
muft be defeftive: the latter never c^n, for* 
they are the law* of nature. 

The. nearer the centre of gravity is to the- 
furface that fupports it, the lefs danger there . 
is of it's being carried beyond' this furface; 
and this. * is one reafpn .wfy- a. toaxw ^Axn&s>- 
firmer with bent knees*, as Yvs iotv^^^ 
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expe&s any (hock or thruft. But the chief 
advantage of this pofture is, that a man can 
readily Ihift the fituation of his centre of 
gravity, as the occafion may require; for 
which. reafoa it is neceflary, that he do not 
lower the centre of gravity fo much, as to 
hinder the free ad ion of his limbs. A man 
who fhould Hand in a boat under faiJ, a car- 
riage going along, or like one of Mr. Aft- 
lcy's pupils on a galloping horfe, would a& 
very imprudently, if he endeavoured to keep 
his legs ftraight, with a ftiff knee. - In fome cor- 
poral exercifes, where it is neceflary to ftand 
firm again ft external force, as in fencing and 
wreftling, the pofitioo with bended knees, 
which the rules of art prefcribc, is founded 
therefore on folid principles.. 



CHAP. XLVII. 

AMUSING EXPERIMENTS RELATIVE TO 
THE CENTRE OF GRAVITY IN MEN. 

i 

My young readers may derive fome asnuie- 
ment from the folio wmg^x^wwcvtita* tfcfe&we 
to the centre of gravity. 
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i. To feat a per/on fo, that fie cannot 
rife up. 

Seat the perfon in a chair, fo that his body 
(hall "be ereft, his thighs in a horizontal po- 
rtion, and his legs perpendicular^ and require 
him to rife up, without inclining his body 
forward, or his feet backward. Now, let 
him exert himfelf as much as he pleafes, he 
will find it imprafticable : for in this pofition 
his centre of gravity will be perpendicularly 
over his feat, and, if he would raife himfelf, 
the thighs aft as two levers, bearing the 
Weight of the body on their extremities at 
the hips, the knees form the fulcrum, and 
the tncvmg ptfwer refides in the mufcles, that 
extend the legs and thighs; but thefe, in 
fuch a pCfitioA, aft too obliquely, and their 
diftanci frdm the ftilcrufti is too little, for 
tAferh to overfcotitethfc weight. 

This is aft experiment of confiderablc an- 
tiquity, fat it is fnentioried by ' Ariftotle. 

l '2.id plitde d man Jo, that he cannot 
Jtahd on bUt Yof Hu ? tegs' oiily \ 

'Phcfe KiiiH'with' 6fe;fide"againft a wall, fo 
tlftit thfe Wttple le*& on which he is to Hand, 
fhall toudi the wM From t\ve toot Vo *»\a^;. 
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his other foot from the ground, fincethe 
moment he does fo his centre of" gravity will 
be uniupported, and he muft fall. 

3.. To place a perfon inapofliu^ wwliick 
he cannot take any thing from the. ground 
jujl before his feet. 

Let him Hand with his back againftawall, 
fo that his heels (hall touch it, and every 
attempt he makes to bend ibrward^ to. reach 
the object before his feet, he.wiil bain darn 
ger of falling,. a$ his centre of gravity, is ua-> 
iupporied. It muft.be made a condition*, 
however, that he (hall not. bend, his knees.. 
That he muft not lay hold of any thing with 
lias hand, to fupport hirnfelf, is a.matter.of. 
courle. . 

4. At ho:o great a difiQnce. can .a. man* 
reach, fo.take. up any thing from thegzovndf: 

If a perfon fta.nd freely on. the open gqound» 
with his feet clofe together, , and, his knees 
ft'raight, he wilKnot be .able -to* take. up a. 
piece of mopey, or the like, that lies on the • 
ground about, t\yo fc&t, before him... With 
bended knees he can, reach fomewhat farther, . 
wjthqut JoGng : hi$ equilibrium. , Tq take up, 
any thing, th&t i$ on o^t (vi*. o£ hvco* he mufti 
incline the . lower part ol \V*. \^^i ?*%*&& 
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backwards. If this be rendered impracti- 
cable, as by placing him with his back againft 
1 wall, as in the preceding inftance, he cannot 
each anything fideways, even though clofe 
his feet, without railing the oppoiite foot 
jp into the air. 



CHAP. XLVIII. 



»OME TOYS CONSTRUCTED ON THE PIWH- 
C1PJLE OP THE CENTRE OF GRAVITY. 

. .1. The pojlurc mqftcr. 

Few of my readers, I prefume, are unac- 
quainted with the toy fold by this name. It 
is made of the pith of elder, with a bit. of 
lead at the bottom. As the weight of the 
lead is conftderabie, compared with that of 
fo light a iub fiance as the pith of elder* the 
centre of gravity of the .toy is in the leaden 
foot. Accordingly, if you. incline the figure 
on one fide, to the right . for inftance, tire 
ceqtre of gravity is uniupported it is true, 
yet it is not removed to. the ri^l\t Vox*i W- 
rond the point where tbs foot qI \tofc ^8?^ 
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i 

Hill touches the ground, but remains ftiHoa 
the left hand ; To that the foot will fall back 
into it's former pofitioii, and the figure re- 
afiume it's cred pofture, as foonas the force 
you employed to incline it is removed. 

2. A cylinder that rolls fpautaueovjly tf 
hill. 

Make a hollow cylinder of pafteboard, and 
faflcn a narrow piece of lead on the infide in 
the dire&ion c£ it's axis, or make a cylinder 
of light wood, and run a little melted lead 
into a hole near the circumference at one 
end, or at both. If fuch a cylinder be laid, on 
an inclined plane, with the lead uppermoft, 
but fo as to be a little nearer the rifing fide 
of the plane, as the lead, in which the centre 
of gravity of the cylinder iies, finks down* 
wards, the cylinder will afcend up the in- 
clined plane, till the lead becomes lowermofi; 
which may be when the cylinder has rolled 
up a fpace nearly equal to half it's circum- 
ference. 

A clock, to point out the time of thedajv 
has been conftru&ed on this principle. 

3. A double cone which rolls (or rat]i£T 
appears to roil) up hilL 
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"* A piece of wood is to be turned in the 
fhape of two cones joined together at their 
bafes. For this a ftand is made, confiftihg 
of two pieces of wood, meeting at one end 
in an acute angle, and fupported by threi 
legsv in fuch a m*nn*r, that the angtfla# 
point is lower than the opp'oftt part of tfe$ 
ftand. Thus the ftand- is an inclined plane* 
down which round bodies ufually roll. . Bu< 
the double cone takes an oppofite dire&ion: 
for, if you place it at the angle of the ftand, 
the fides are fo clofe, that it muft reft on 
the part where it is thickeft; and confe- 
quently it's centre of gravity, which is ia the 
middle of the axis, will be nearly half the 
thickriefs of the bafe above the fupport. 
On the other hand, though the fides of the 
ftand are higher 4s their diftance from the 
ingle increafesi they are more remdte from 
fcach other, fo that the cone can fink deeper 
between them, whence it's centre of gravity 
lies lower in faft at the upper end of the 
ftand thaft at the lower end. Thus the cone 
rolls from the point of the angle toward the 
bafe, fo that it appears to afcend up hill. 
■ The lefs acute the angle o? tV\^ &ax&* ^^ 
after the cone will roll: but tfcw *c«^^ 
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cifcumftances, that affe<5t it's motion: ift, 
the angle of the (land; 2dly, the inclination 
which the plane of the Hand makes with the 
horizon ; 3dly, the angle which the fides of 
the cone make with it's axis. Thefe three 
magnitudes ihould be in due proportion to 
each other. How this proportion is to be 
afcertained my readers will learn hereafter, if 
they puriue their mathematical ftudies* 



CHAP. XLIX- 

OTHER TOYS OF A SIMILAR KINJ*. 

4. The little fawyer* 

This wcll-knowa toy confifts-of a wooden 
figure of ar man holding 'before him with 
both hands a frame-faw, which, near the 
lower end, pafles through a piece of timber, 
glued faft to it at right angles. On that end 
of the timber, which pafles behind the man, 
a leaden bail is fixed. If this figure be fet 
on it's feet on the edge of a table, under 
which the timber pafles freely, it will be 
pre lined in equ\l\btio b^ the leaden ball ; 
auc/ it you give Ws V*caA a. ?^t^ ^w^N^ 
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tfill move backward and forward, as if few- 
ing, and continue this motion fome time. 
rhe leaden ball may be difpenfed with, if 
:he timber be made of fufficient length and 
freight. - 

The following is the principle, on which 
:his toy is conftru&ed. The centre of gra* 
pity of the whole figure, with the faw and 
leaden ball, lies under the feet* of the pup- 
pet, fo that it cannot fall, as long as thofe 
feet form the point of fuppbrt ; and when it 
is made to incline either way, the centre of 
gravity is raifed and carried to one fide of 
the perpendicular from the point of fufpen- 
Gon, to which it mud defccnd as zpendulum 
does, continuing to vibrate in a fimilar 
manner. 

5. The little rope-dancer. 

A puppet is made of wood, holding in it's 
hands, inftead of a rope-dancer's pole, a femi- 
circular wire, the fends of which are turned 
flownward, and rekcb below the feet of the 
puppet. * Each end of the wire is loaded 
with a leaden ball, (b that the centre of gra- 
vity falls tinder one- of "the feet-of the figure, 
the other being carried bac\Lvm<\* aw& to&&> 
o the air. This puppet Wi\Y ft^A*«fcfi* 
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on one foot on a thread ftretched horizfift- 
tally, and balance itfelf like a rope-dancer. 
If the thread be ftretcbsd obliquely, it vi& 
Aide down, dill preferving it's equilibrium. 
6. To hang a buttle of ivater on a littk 
Jlick wjling nncoiifiucd an the edge of * 
tabic. 

"Round the neck of the bottle, or handle 
if it have one, tie a firing fufficiently ftrong, 
with a loop of fuch a length, that the flick, 
when pa(Ted through k, and reding on the 
mouth ot the. bottle, jhall form with the 
bottle an acute angle. If the ftiek be placed 
fo as to be fecure from flipping, when it reits 
upon the table, the greater part of the bottle 
■will hang obliquely tyndejmeath it ; and thus 
their common centre of gravity will lie un- 
derneath the point of iufpeafion.' 
7. The tumbler. 

This is a little puppet of wood, the body 
of which .is made crooked in the fliape of an 
S, hollow, and divided into two cavities tjy 
means of a tranfverle piece pf/jwood, in which 

however there is a hole, to form -a communi' 

*■■■'•' • 

cation between the two. In one of theie 

cavities is contained ». YvttVfc ojcvkkXiiver, which 

<raa readily p$is.f »n> otv^vo vV^\\\» x^«is»% 

3 
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the hole. The arms are moveable round an 
axis, which paffes through the breaft, and 
fiave a pulley at the fhoulder, to which a filk 
thread is fattened, that paffes under the 
clothes, and is made faft at the other end to 
the leg. Both the arms and legs muft be 
'made tolerably long, the better to balance the 
body. 

IP this figure be placed on- the upper ftep 
of a flair made for it, fo that the head lies 
lower than the belly, the quickfilver will run 
out of the cavity x>f £he abdomen into that 
of the thorax, the head will incline down- 
ward* and the figure will ftand an itYhands. 
By this motion of the arms the filk thread 
is ftretched, and draws over the legs, fo that 
'tteeie, with the 'tower j-artof. she body, ac- 
quire a preponderance, and the/figiofls, turn- 
ing over, iamv^h^it the*'fetond ?ftep -on it's 
feet. Thsqiokk&wer uow r<ahs-dut ^ the 
'tjborax-i»t*> *hepfcfedo*nen, 'Whteflcfc. the -belly, 
iiivcoEfiequ<tttce <t>f the cuyvatwe^fttye Sgite, 
is thrown forward. The arnnfs- and upper 
part df -the 4>ody then gain the prcfxHRte- 
xanee, fo that ^hefigure tur«yovigr*8iglMn y md 
in thb manner^it-^efew^^^^s^^ °- 
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This ingenious toy mud be' made with 
great nicety, to fucceed well. It is (aid to 
be a chinei'e invention : and though only & 
plaything for children, it's mechanifm veil 
delerves to be examined by my young readers, 
when they have an opportunity; as a mere 
defcription, which is all that can be given 
here, may not be iufficient to impart a com- 
plete idea of it. 



CHAP. L. 

TWO MORE PROGNOSTICATORS OF 

WEATHER. 

In chapters xxv and xxvi animals have 
been mentioned, which prognofticate changes 
in the weather with tolerable certainty, and 
to thefe the two following may be added. 

The thorny loach is one of thefe. The 

other fpecies of the loach are very good eat- 

.ing, but this is tough and infipid. Jt is 

- about a foot in length,' as big as the manured 

reed, or large reed fometimes ufed for fi (hing- 

rods % and is.flippety \\VLeax\ tfcl. Tlus fifh.is 

kept in a large glafs boitte 1\i\\oI>n^r.\ > ^\^ 
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two fingers depth* of fand at the bottom. 
As long as the weather is fettled, it remains 
quiet on the fand, and the water is clear : 
but if bad weather be corning on, it is reft- 
lefs, and winds itfelf about from place to 
place - 9 after which rain, or wind, in general 
foon follows. If a heavy ftorm, or thunder, 
be approaching, it appears ftill more reftlefs, 
and fometimes afcends tQ the top, as though 
it felt itfelf confined, and would creep out 
of the neck of the bottle, fometimes plunges 
into the fand, and wallows about in it, fo as 
to render the water turbid, and itfelf- invi- 
fible. This lingular . prefenfion of a changp 
in the weather it frequently difplays four and 
twenty hours before it takes place. 

To preferve this fifli alive, the water muft 
be changed frequently, and fome crumbs Cjf 
bread thrown into it. 

; Another prognofticator of weather is . the 
leech, an animal found in ponds and ditches, 
and often of confiderable utility toman. , 

This animal is very tenacious, of life,, fo 
that, if it be cut in two, ,tbe par$§.$us i§* 
parate will continue to move about ifl:£he 
water for feveral d^ys, or. wexi ^s^. v ^fcp$> 
however,; let me intieat 103 l^S^fe?^^ 

• VOL. J. VL 
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never to make experiments oq any thing that 
has life, out of caprice, or premature curio 
fity. When phyficians, or natural philofo* 
phers, inflift pain on animals, they do it, 
.cither to difcover in them properties, that 
may be of utility to man, or to extend our 
knowledge of nature. And even this is not 
to be done wantonly.: the end, that the phi- 
losopher propofes to himfelf, ftiould be im- 
portant; he (hould be careful,- to make his 
experiments with all the tendernefs poffible, 
inflicting pain as little as may be; and he 
fliould never repeat them unneceflarily. No 
•ne of a feeling mind, can reflect on the fu- 
perfluous and reiterated barbarities of a Spal- 
lanzani, and fome others, without horrour. 
Unlefs for fome important purpofe, which 
children cannot have in view, the cruelty of 
mutilating or wounding a living creature, 
depriving it of the air necefiary to it's exift- 
ence, or even keeping it in confinement, is 
inexcufable. Though the mute animal can- 
not cry out for help, do not it's eager and 
convutfive movements <teli you, that it feels 
pain, that it pants for life and liberty;? S^y 
SWtf to £XCufe ^y our <T*afc\tej Vorcrea& *sl icta- 

*hnsd animal, that "A Ya* Vrf* fe*«©&*s* v£ 
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feels lefs pain than & man would feel. ,Ho*r 
know you the degree of pain, of which an 
animal is fufceptible? Does not this very 
-quality, of which we are talking, that of 
perceiving an approaching change in the 
weather, tend, with mariy others* to (how> 
that the nerV£s of animals jpofleft great fen- 
Ability ? : ,. . ' ' 

To return from this digreffion, the leecfy 
of which we were fpeakihg, is frequently tm» 
ployed inftead of the fcarifioator ahd ?cu]> 
ping-glafs by thd phyfician. It is very greedy 
Of blood, readily fixing on any animal, the 
ftin of which is capable of being pierced by 
the inftrument with which it is furnifhed fot* 
the purpofe, and fucking it's blood, till it is 
completely diftended with it. When a pond, 
or ditch, in which leeches are, is emptied-, 
^they frequently fatten on the naked legs of 
the labourers, from which they are not to be 
difengaged without violence, unlefs you 
fprinkle a little fait on them, which will 
make them drop off without rifk of any in- 
jury to the part. 

If you would employ the leech as an in- 
dicator of the weather, you tcroSi Yw^^^^- 
* ghfs veileJ partly fitted m\\\ '**&»• Xl 
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ferenc fettled weather it lies on the h 
curled up like a (hake. If rain be c 
on, it afcends to the furface of the 
arid remains there, till the weather bq 
clear up. Againft wind it fwims abot 
great agility, and does not ceafe it's 
jncnts, till the wind begins to blow. 
a thunderftorm is approaching,' it r* 
feme days out of the water, feems i 
and is convulfed. Throughout the wi 
lies curled up at the bottom of the 
and takes it's winter fleep : but if it be 
to fnow, or thaw, it afcends to the j 
of the veffel. In general it remains 
bottom of the veffel in warm weather, 
top in cold. 

Once a week in fummer, and once i 
night in winter, the leech fhould have 
water, with fome fand, and a little br 
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CHAP. LI. 

.■»■ 

SOME EXPERIMENTS OK VIS INERTIA* 
AND THE COMMUNICATION OP MO- 
TION. 

There is a moral, and there is a phyfical 
feverfion to motion, or rather to a change of 
(late. In fotne languages, from their general 
refemblance* they are called by one comrpon 
name; though they are not fo with us. ' The 
phyfical quality we call inertia, or vis 
inertia: the hioral, from which I would 
hope my young readers are free, Jluggi/knef^ 
bi indolence. The phyfical we all poffefs^ 
Ihowever lively ahd aftive we may be. Whea 
from a ftate of reft we would fet our bodies 
in motion, they require a certain degree of 
force, afid a Certain (pace of time, propor- 
tionate to the weight of our bodies, juft a$ 
mucih as a ftorie or & log of wood would do. 
Iii like maimer, when our bodies. are once fet 
in motidn, time and force are requifite to 
bring tbefm to a ftate of reft ; fo that, were 
it not for the kind attra&vm <& <&xl ^»«&. 
csrth, toe could not venture to.X*» **«« 

M 1 
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within doors, as we fhould dafh our heads 
againft the cieling ; or in the open air, left 
we fhould fly Heaven knows whither. This 
phyfical inertia, however, is a beneficial 
quality ; ajid fo is the moral, when it does 
Hot degenerate into abufe ; but we muft be 
careful, not to counteract it fuddenly: it is 
with this, as with obftinacy ; each yields to 
gentlenefs, while violence may be employed 
in vain. 

When a boy is feated on a £arE without a 
back, if they, who are to draw or pufh him 
along, fet the vehicle in motion fuddenly, 
the rider, unlefs he holds faft with his hands, 
inevitably falls backward. If there be a 
back to the cart, the back of the rider will 
ftrike againft it. Why is this ? The 1 anfwer 
is, becaufe the communication of motion 
requires time. The motion is communicated 
firft to the part in contaft with the feat, be- 
caufe of the fridion between them, while the 
upper part of the body lags behind. Thus 
the centre of gravity is thrown behind the 
furface of fupport, and the body comes 
backward to the ground, with the legs com- 
monly raifed in the a\t > a& tl\eCe cannot (o, 
fycedily change their po^Ugxv^vCcw trSs*&\& 
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the reft of the body, the occurrence being 
unexpe&ed. Jf the fri&ioh againft the feat 
be trifling, and the pull be very fudden, the 
feat will flip from under the rider, and he 
will come to the ground on his bottom. 

m 

If the motion be commenced flowly, ahd 
increafed gradually, there will be time for 
it's communication, and the rider will retain 
his feat in fafety. 

When the motion is fuddenly checked, the. 
reverfe takes place. As foon as a boat, that 
is failing or rowing to land, touches th6 
(hore, every perfon in her is thrown forward. 
.If a perfon in fuch a cafe be {landing, his 
feet will be fuddenly flopped with the boat, 
on account of the friftion between themi 
while the motion of the upper part of the 
body will continue, fo that he muft fall, un- 
lefs he advance one of his feet, or take the 
precaution to move his body backwards at 
the fight time. 

It is the fame when a coach or other car- 
riage is fuddenly flopped, when a galloping 
horfe flops fhort unexpectedly, and in other 
finailar cafes. 



»4S THE PLEASING PRECEPTOR, 



CHAP. LII. 

MORE CURIOUS EXPERIMENTS ON THE 

SAME SUBJECT. 

The houfe-maid, when the handle of her 
hair-broom is loofe, reverfes it, and ftrikes 
the end of the handle three or four times 
fmartly again ft the ground. Why does (he 
fo ? She has feen others do the fame, and 
knows by experience, that it will faften the 
handle, though (he does not know the reafon. 
The fa& is, the quick motion of the handle 
is fuddenly (lopped, but the head of the 
broom, which is loofe, continues in motion 
fomewhat longer, and thus gets farther upon 
the handle, till it is flopped by it's tightnefs. 

If you hold a fand-box in one hand, and 
ftrikc upon it with the other, the fand will come 
out of the holes, becaufe it cannot imme* 
diately acquire the quick motion downwards, 
which is given to the box by the ftroke* 
The fand does not afcend, properly fpeaking, 
but the perforated top of the box is driven 
below the furface of the fand. 
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Lay a card upon a glafs, a halfpenny upon 
, the card, and with your fingers draw the 
card fuddenly away, the halfpenny will 
fall into the glafs. If you draw >t he 
card flowly, the halfpenny will be drawn 
off with the card ; but when it is done 
quickly, the fri&ion between the two being 
little, on account of the fmoothnefs of the 
card, there is not time for the motion of 
the card to be communicated to the half- 
penny, before it is drawn from under it. 

The following experiments, founded on 
the communication of motion, excite con- 
fiderable aft on i foment in thofe, who do not 
understand them. 

; Set a wine-glafs on the table, or, if you 
would fpare your glaffes, fpjit a card a little 
way, and fet it upright, fo that it may be 
thrown down eafily. Sufpend a tobaccOt 
pipe in fuch a manner, that it's lower end 
may hang near the upper edge of the card. 
Now, if you ftrike the tobacco-pipe gently 
toward the card, it will remain whole, and 
the card will be thrown down : if you give 
it a fmart ftroke in this direftion, the pipe 
will be broken, and the cax&Ttmiv^ ««&-• 
On the contrary, if you fti\VLe. «o& ^ 
gentty from the card, the pvp* ™^ x€CB 
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whole, and the card (landing : if you ftrikc 
it fmart ly in this direction, the pipe will be 
broken, and the card thrown down. This 
is not difficult to explain. When the ftroke 
is (mart, the motion cannot be communi- 
cated with fufficient quicknefs throughout 
the whole of the pipe, which, being brittle, 
breaks at the place where the ftroke was 
given, each half turns round it's centre of 
gravity, and in confequence the lower end 
of the pipe, as well as the upper, will move 
in a direftion contrary to the ftroke. 

Draw a hair through the ftem of a tobacco- 
pipe, and fallen it horizontally at both ends, 
you may break the pipe ftem in two by a 
fmart ftroke, without breaking the hair. The 
fuccefs of this experiment depends upon the 
fkilfulnefs with which you make your ftroke: 
this muft be fmart, and fhort, without let- 
ting the inftrument, with which you ftrike, 
delcend too low. The pipe breaks for the 
reafon mentioned in the preceding paragraph; 
the hair remains whole on account of it's 
elafticity. 

Hold a quarter of a fheet of paper between 
your finger and tYiumb, fc> \XvaA. \v. tokjj Vaa% 
#ee/y. If you puftv it, ot «ecfl» ^«^ 
^nilit, with a nail, tbc ***»■«* -■ ^ 
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_if compafies, or the like, it will give way 
~f;md you cannot pierce it ; but if you ftrikq 
* t finartly with either of thefe, you will make " 
"Ji hole through it. 

You can eafily fliut an open door by 

"pufhing it, but if you give it a violent ftroke 

'with your fill, you will (hake it only, not 

^fljut it. If you would (hut a door with vio- 

~ lence, you inuft take hold of it with your 

band, and exert xhe power of the arm upon it 

" fey a motion gradually accelerated. 

■, A moderate blow with a Hick againft a 
" pane of glafs will break it into feverai pieces .; 
" ibut a bail fired put of a rnufket will make 
J 4i fimple round hde.m it; while the fame 
' fcall, ithrow a with no great force, would break 
it tofhivers. 

To one arm of a balance fufpend a weight 
*by a long thread, and hang at the other 
l :arm a weight fufficient to counterpoife it. 
If, while you prevent the arm from rifing by 
keeping your hand or^finger on it, you raifc 
the'fufpended weight a little way, and thep 
let it fall, the thread will remain whole, and 
the other end of the beam will be raifed. If 
you let the weight fall from * ^ot&taKd&fc 
height, the thread will fnap, ^ ti»\jA»w 
remain uomoved, tfyoufort^^V^^*^ 
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by a thread pafling over a pulley, fimilar 
confequerCces will take place. 

Pliny relates, that near the town of Har- 
pafa, in Afia Minor, is a very large rock, 
which you can move with, a fingle finger, 
while it obftinately refills a fturdy ftroke. la 
this there is certainly nothing improbable, 
though it appears ftrange ; for we may. fup* 
pofe the done to reft on it's bafis in the 
manner of a four-legged table, which has one 
leg too fhort ; and this we know might be 
moved by the preffure of a finger, though 
a blow with a hammer would not ftir it. 
The logging-ftones* or rocking -ftones, which 
fHU exift in different parts of our own 
-ifland, are curious remains of antiquity of a 
fimilar kind, being ftones of coufiderable 
bulk and weight, fo nicely poifed on a flen- 
dcr bale, that a flight effort is fufKciejit to 
move them ; though it' would require a very 
great power to throw them down, from the 
ihifting of their centre of gravity, in con- 
fluence of the change in the point on which 
they bear. 



SUPPLEMENT TO TUE *\Wt C\\^-\^V ^ 

William wanted. to ^out,Vw^^^aS 
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iircty^ cautk)u% land fldwly, that he might 
<fc0t fpifl any. Thfe flower he poured, how- 

^Wr^.tbeworfe he fucceeded, the wine run- 

• ,. • ■ ■ 

. toing dowft *he fide of the glafs. 

- •* " P<SM briflily J?/ faid his iiftery who wife . 
a; little older, and imorc «pferieftced in fuch , 
thing*,',** or»yfcu : Witt fpili it all/' 
■■"■ WiHittiv ' taofcchff advice ,and was mote . 
ifttccefsful: .'■ j ■ 

* c ■ Do you perceive the . reafon of this ?* 
ikid ids, &th». , 

; WiUidin. V* Not , very* cl6arl}<, I i rather 
feel ft* tkan'-Uriderftand it/* : 

FtotheK " So it is with many things in 
common life. Experience gives thofe, who . 
db BOt ;tr©able tbemfelves about caufes, a 
foreknowledge of effedts to a certain degree. 
Every afdhcabfc-feeeper knows* that he mutt 
pour, bri&ly out of his full mug, to fill -the 
glafs without fpilling the liquor, .though he : 
i& unacquainted with the theory, of it. . 
Every journeyman mafon knows where he 
muft Jay hold of» hit crow ■■ to move a .ftone, 
though:. hfe is ignorant :trf : the laws of thee 
lever.. The • billiardrplayer ^can tell how he 
muft ftrikehis ball :to Vic^:V».^^»Sas^^ 
though he has never ftvxdvc^t X>^ \ss^ ° 
percufion of^eliftic bod\fcs. TV^ ^*SS* 
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is able t£> judge, whethfcv his horfcs he eqml 
to the talk of drawing a ltiaded waggon $f 
a hill, though be has never heard of % the 
theory of inclined planes* He mud he vgf 
(hort-figh ted* however* who hence condueks, 
that fcience is unnecefljuyw 

" The attraction that takes place? bctweei 
the particles of the liquor and -the gjbfi, 
and between the particles themfclves, is the 
caufe of the Jiquor*s ranntqg down the fide 
of the glafs. The firft drop, which, were it 
a&ed upon by the, power of gravitation 
alone, would fall perpendicularly feona the 
brim of the glafs, is detained by the attrac- 
tion between the particles of . the liquor, 
hangs a little over the brim of the glafs, 
touches it's external furfeee, is attra&ed by 
this, and Aides down it, becaufe it'i weight 
is too little to overcome this attraction* 
Each fucceeding drop is drawn along by this, 
and in like manner runs down the ii.de o£ 
the glafs." .. 

IV. " How is : it, then, that it runs down 
the fide of the glafs only at firft,, when the 
glafs is pretty full, and goes into, the de- 
canter very w<&, yAv^v \\\fc ^»&> >& Va!£ 

empty ?'• '.■'■ • v V ^ 

jr '« When you/po*x ouV <A *fcdM&» 
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angle to.Jthe; perpendicular, .tiuougt* Kuicu 
the <lrop -would fall ; of c&urfe it i* very near 
to the drop, that is about to fall, and. there* 
lace i#s . attea&ion for it is confidtrable, 
When the glafs isin parb emptied; you- mud 
incline it more*, to pour the -liquor out, fo 
that the fide • is . carried farther from the 
-drop,, and 1 confequeqtly attra&s it with lefu 
force/ 1 

W. " Now h underftand it clearly, and 
perceive- thrreafon*. why pourings the liquor 
out brifkly. prevents it from running down 
the fide. By doing this* a quicker motion is - 
given to the liquor,- fufficient to overcon:*; 
the attraction between it- and the glafs ai 
firft; and at the fame time- the glafs is foorirr 
brought to a; greater, inclination^ and thu* 
carried farther, from » the iftream ."' « 

JF. " You now know the reafan why* fo'irt 
veffelsare -made" with a. projefting- brim all 
round,, others . with a proje&ion at: one pa: L 
only, which we; cadi a. lip.. .'.•. ! 

" LiquoD may he prevented from^ruaning 

down, the fide of a:VBffcl^too,; by fmeariag' 

the outfide, at the place where- you intend t& 

pour it out, with any tViVxvg^ \o Ttf&i&fc >£« 

liquor will not eafily ad\iete* *ft ^J* 3 ^- 

the feed of clubmofs. *■" 
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fide of a glife, btecaofe. it's particles haw 
little, attradioa. to, the. glafs, .more. to each, 
other, . and confidcrable weight. . 

cc If you would have a proof; of: the ad- 
hcfioiv thal.takea place between water and; 
many other rthings, bringtne a pair of fades,, 
* ;bowt of water, and a trencher/' 

William having brought thefe^the trencher 
was fufpended horizontally beneath one of. 
the. fcales, and balanced by. putting weights 
into the other. The. fogies were then held 
in fuch a manner, . that the bottom of the 
trencher juft touched the furfaceof t hie water 
in the bowl, without finking into it. The 
other fcale then bore an? ounce more* without 
railing the trencher > boat oa adding flill mare 
weight, the. trencher was Taifed iuddenlyj fo 
that it was evident, the water had held, it down. 

With one more experiment we fhallcon- 
cluder Lay a bit of cbrkvon the /ftuface of 
fome water in a wine-glafs, and fee whether it 
wilj. ft$y in .tiie. middle*. Ypuwill fihd r that 
it wiU always fwitn : to fhe.fide of: the glals, 
and the. fafter, the.rieoneE.it is to it. When 
it touches the fide, it will be. railed up acj 
tittle like wife. . Reptace, \t vcv \N*t TOO&U& f 
& often, as you , wVv\, it ^v\\ &3^^ v ? 
the fide. . &&' •.-„■. Y* 
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